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Vital 
ngredients 

of the 
Klectrical 
Industry 


An electric motor! A few pounds ol 
copper, some iron ol different kinds, 
and some insulation—all put together 
following a definite, but relatively sim 
ple, electrical law in such a way as to 
Sounds like a 


Straight electrical engineering task to 


produce rotative power 


put together a good motor. And _ basi 
cally, of course, it is. But consider for a 
moment some of the other technical 
skills involved. Metallurgy and chem 
istry, for example 

The electrical steels, carefully de 
signed to produce the best possible 
electrical characteristics for motor ap 
plication, are the product of metallur 
yists. So are the casting methods and 
the casting materials used for produc 
ing a sound, attractive frame and en 
closure. The chemist, in turn, reaches 
into his bag of chemicals and comes up 
with a new combination that produces 
a wondrous new wire insulation, a new 
slot insulation, and a suitable exterior 
finish. The development of a new mo 
tor, as outlined on page 91, is thus toa 
large degree dependent upon the metal 


lurgist and the chemist. 


The effects of these two scientific 
yentlemen are felt throughout the elec 
trical industry. Consider, for example, 
the electric lamp. The never-ending 
search for better filament materials for 
incandescent lamps is largely a metal 


lurgical problem. And in his search, the 


metallurgist has uncovered much in- 
formation that has contributed to the 
general knowledge of metals and their 
properties. The story of tungsten, of 
course, is the best known. A stubborn, 
but so far the best 
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hard-to-work meta! 
for lamp filaments. Today 
house has complete facilities for proc 
essing tungsten from the ore to finished 
wire filaments. In fact, its production 
is such that about half the total metal 
output is sold outside the Company. 
The same « omplete processing facilities 
also exist for molybdenum. In_ the 
course of lamp development, nearly 
every metal has been studied at one 
time or another. Pure uranium was 
produced as early as 1922, a fact that 
enabled the Lamp Division to supply 
the initial uranium for the first atomic 
pile at Chicago. Vanadium, zirconium, 
tantalum, cadmium, and thorium are 
among those metals still being studied. 

The chemist, too, has played an im 
portant role in lamp development. Con 
sider the field of phosphors for fluores 
cent lamps. The number of different 
phosphor compounds IS almost count 
less. By varying ingredients slightly, an 
entirely new 
Certain ingredients produce certain col 


phosphor often results 


ors; others provide chemical stability; 
still others affect operating’ tempera 
ture limits. Yet, despite the widespread 
use ol phosphors, the possibilities have 
Mu h of 
the future depends squarely on the 


scarcely been touched upon 


chemist. How can the temperature sta 
bility 
lower? What factors influence aging? 
How can ethciency be boosted? These 


limits be pushed higher—and 


and many more questions remain 

The glass for lamps Is no ordinary 
material. In addition to sturdiness, it 
must often possess specific light trans 
mission characteristics, must be capa 
ble of withstanding high lamp temper 
atures, and, very important, must be 
suitable for use in automatic lamp-mak 
Such 


played a major role in the lamp indus 


ing machines machines have 
try, in keeping product cost low and 
quality high; but even greater produ 
tion is highly desirable. Curiously, this 
is partly a problem of glass—finding 
out more about its properties, or per 
haps developing an entirely new glass 


is an essential factor 


The unmistakable, but seldom no- 
ticed, touch of the chemist or the 
metallurgist can be found nearly every- 
where. Another basic product of the 
electrical industry is the steam turbine. 
Here the metallurgist has really done a 
job. The first turbine blades were 
drawn of brass; rotors were built up of 
steel forgings and castings. Operating 
temperatures were under 500 degrees F 
and tip speeds were about 400 feet per 
second. Today, temperatures have 
reached 1100 degrees and tip speeds 
over 1400 feet per second. No small 
part of the credit goes to the metallur- 
gist, for developing metals to operate 
at such high temperatures and speeds, 
and withstand all of the stresses in- 
volved. But the metallurgists are in no 
position to rest on their laurels! The 
pressure is squarely on them for even 
higher temperature metals. The devel 
opment of better turbines is to a large 
degree dependent on the metallurgist 
and his results. 

These three products—the lamp, the 
motor, and the steam turbine—are 
basic to the electrical industry. Yet in 
each case their past and future are to 
a large measure dependent upon chem- 
ists and metallurgists, the first two 
fully as much as on the electrical en 
gineer. What is true of these basic 
products is true of all. Electricity is an 
intangible thing, and the electrical en- 
gineer must have some device to de- 
velop it, transmit it, consume it, and 
measure it. And in most of these de- 
vices the metallurgist and the chemist 
figure prominently. 

The future needs and possibilities are 
tremendous. Better electrical steels for 
transformers and generators and mo- 
tors. Better insulations for almost every 
electrical device. Higher temperature 
and stronger metals for steam and gas 
turbines. Better gases and glasses for 
lamps of all kinds. Better casting ma 
terials. More durable paints and var- 
nishes. Higher purity of almost every 
materiai. Less costly, more easily man- 
ufactured, and purer semiconductor ma- 
terials for transistors and _ rectifiers. 
And, of course, a relatively new prob- 
lem—better metals for nuclear reac- 
tors, to fit their peculiar demands. 

We could go on indefinitely. But per- 
haps the point is made. The electrical 
industry, while depending heavily upon 
its electrical engineers, is no one-man 
profession. It depends upon many tech- 
nical skills, metallurgy and chemistry 
being but two of many. Always their 
contribution is important, often they 


lead the way. R.W.D. 

















VOLUME FOURTEEN 


On the Side 


T he Cover —In considering the Air Force’s 
new’ wind tunnel at Tullahoma, Tenn., 
it’s hard to avoid superlatives. The struc 
ture of the tunnel itself, its drive motors, 
and its compressors are all unbelievably 
huge. So were the engineering problems 
involved. But when completed, the new 
transonic and supersonic sections should 
help considerably in advancing our knowl 
edge of flight at high speeds. On_ this 
month’s cover, artist Dick Marsh has 
chosen a portion of a compressor and a 
plane of the future to portray wind-tun 
nel research. 
eee 

Color-television receivers are now 
being produced in limited quantities by 
Westinghouse. The first color set is a 
console model with a 12!4-inch viewing 
screen. In overall appearance and _ size 
the new set resembles the modern 24-inch 
console black-and-white receiver. 


The U.S.S. Nautilus, launched in late 
January, will be propelled by the first 
atomic power plant ever to drive a ship. 
Actually, the power plant is the second 
full-size, power-producing system, the 
first being a land-based prototype, also 
built by Westinghouse; this produced sub- 
stantial amounts of power as early as May 
31, 1953. 

The Nautilus brings many advantages 
to submarine operation—it is capable of 
speeds abeve 20 knots when submerged: 
it can operate at top efficiency for long 
periods, such as crossing the Atlantic at 
full speed without surfacing; it will be 
able to cruise around the world without 
refueling. A significant milestone in naval 


progress! 
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The wind tunnel is the foundation of every vehicle of flight. This has been so to date; it will become 
more so in the future. The rapid rise in speed of airplanes, the crossing of the sonic region, new types 
of power plants, rockets, guided missiles have created a mass of complex, interrelated problems far 
beyond any prospect of solution via known data. This has led to a vast specialization of wind tunnels and 
a great spread in their numbers, physical locations, sizes, air speeds, operating conditions, and functions. 


N AIRPLANE—even an old DC3—is deceptively sleek in 
A appearance. The wings must, to be sure, be of the right 
section and placed at the right angle—aircraft men call it 
angle of attack—to get the maximum lift. But the fuselage, 
the engine cowlings, the juncture of wings and body are 
nicely smoothed out. All surfaces are well rounded to permit 
smooth flow of air around them. Even the high-speed planes 
have the obvious (it seems) needle-like nose and well-tapered 
bodies to meet the high-speed air streams with least re- 
sistance and power loss. 

What then all this business about more and bigger wind 
tunnels? What more can be done? The little black books of 
the aerodynamicists surely must be filled with air-flow data 
for every conceivable shape of plane and part, and for all 
speeds up into the sonic. 

The answer from all those who build engines, airplane 
air-stream components, and airframe builders is a resounding 
‘“‘no.”” Loudly echoed by those who are working on the fron- 
tiers of rockets and guided missiles. Until now, they insist, 
the problems requiring wind-tunnel solution have been accu- 
mulating faster than existing tunnel facilities can provide 
answers. Furthermore, for certain categories of problems that 
must be solved before supersonic flight can become common, 
all the necessary tunnels don’t yet exist—although they are 
on the way. 

Flight is becoming more complex by the minute. Most of 
the new problems rise out of the fact that, as air speeds go 
up, aerodynamicists are more and more tangling with old man 
Mach number. Mach 1 is the speed of sound. It is simply a 
fundamental manifestation of the rate af which pressures 
or disturbances are transmitted through the atmosphere in 
question. The rate at which a pressure wave travels through 
air, i.e., what animals recognize as sound, varies with its 
temperature. Specifically it is proportional to the square 
root of the absolute temperature. At 60 degrees F, this rate 
is about 760 mph; at zero it is 718; and at —67 degrees F 
it is 663. And this is how altitude gets into the act, because 
altitude, per se, hasn’t anything to do with Mach number. 
It is only because the higher the altitude the colder the air. 
(Above 35 000 feet and up to about 100 000 feet, temperature 
is pretty generally constant at between 65 and 70 degrees 
below zero F. Beyond that it warms up.) 

Mach Number—At speeds less than sonic, i.e., Mach num- 
bers smaller than unity, the pressure wave moves out in 
advance of the object, causing the air molecules to begin to 
evade so that they flow readily around the object when it 
does arrive. They have a chance to make room in an orderly 
fashion for the visitor. At Mach 1 or faster, i.e., with the 
object moving at the same rate or faster than the pressure 
wave moves, there is no preparation of air molecules for 
smooth flow. They have no chance to get out of the way. 


Prepared by C. A. Scarlott from information supplied by many sources, principa 
among which are the staffs of: National Advisory Committee for Aeronautics at its head 
quarters, and its Langley and Ames laboratories; Air Research and Development Com 
mand and Arnold Engineering Development Center; Southern California Cooperative 
Wind Tunnel; Boeing Airplane Company; Sverdrup & Parcel, Consultants; Cornel 
Aeronautical Laboratory; and Westinghouse. Additionally helpful were the books 
“Wind Tunnel Testing’’ by Pope, the second edition now in production by John Wiley 
& Sons, Inc., and “Frontiers of Flight,’ by George W. Gray, published by Alfred A 
Knopf 
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They are struck ‘‘broadside.”’ The result is shock, which mani- 
fests itself on an airplane as a sudden large increase in drag 
and serious loss of lift. 

One trouble is, however, that this sonic regime is not 
a sharply narrow speed through which a vehicle can quickly 
pass—even though violently—to reach the supersonic region 
where conditions are more stable, somewhat as they are in 
subsonic flight, but where the cost in propulsive power is 
terrific. The transition from subsonic to supersonic is a band 
or zone of speeds. The local rates of air flow about an airplane 
differ. The air may be moving over some surfaces at Mach 1, 
while over others it is still less than one. The tips of propellers 
were the first of aircraft components to get into compressi- 
bility-effect difficulty. Thus compressibility effects must be 
considered in aircraft design for flight speeds of less than 
sonic. This has brought into being a zone of speeds called the 
transonic, commonly considered as Mach 0.7 to 1.3 

Likewise air speeds of Mach 1.3 up to about Mach 5 
(an arbitrary number) are labeled supersonic, and above 
Mach 5, the term hypersonic is applied 

It is the transonic and low supersonic regions that today 
occupy the attention of aircraft people and are the big news 
in the wind-tunnel field. But that does not obsolete the sub- 
sonic test facilities. An airplane can be designed to fly 
efficiently at supersonic speeds, but it also must be able to 
land. Thus in take-off and landing it must also fly at sub 
sonic speeds, and to reach top speed must pass through the 
transonic range. Thin, swept-back wings of small area present 
many problems in subsonic operation, for which answers 
can come only via tunnel testing. The countless possible 
shapes, areas, angle of sweep, and other variables must be 
explored for their slow-speed performance. Large old tunnels, 
which produce winds of around 200 mph and were once 
considered fast, are kept busy on landing and take-off prob 
lems that accrue from the new wing and fuselage shapes 
needed for supersonic flight 

Jet engines have compounded the testing needs. The shape, 
size, location of air inlets, internal ducts, and exhausts must 
be explored in infinite detail if maximum use of the available 
energy is to be made—and in high-speed flight there is no 
energy to spare. 

Adding to the complexity, a small change in jet-engine 
air intake made to improve engine thrust can disrupt ad- 
versely the air flow around certain wing areas or control 
surfaces. These must be explored; compromises effected. And 
so on it goes, seemingly without end 

High-speed flight brings with it new problems and greatly 
intensifies others that can be ignored or easily met in sub- 
sonic flight. Flutter, for example. Higher speed and thinner 
structural sections used at those speeds cause flutter—which 
is what a flag does in the wind or a venetian blind will some- 
times do in a draft. To show how complex some of these 
aerodynamic problems become, consider that the problem 
of flutter of, say, a wing section differs whether the wing fuel 
tank is full, partially full, or empty 

The behavior of control surfaces and of the airplane itself 
in gusts becomes more critical at higher speeds 
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Reynolds Number —Mach number is not the only factor that 
commands continued obeisance from wind tunnelers. Another 
is Reynolds number. It is the one that has to do with scale 
effect. Numerically it is the product of three numbers—air 
density, relative speed, and length of object, divided by a 
fourth, the viscosity of the air. These numbers with actual 
aircraft come large. Reynolds number for a B29 over its 
normal speed range is 13 to 28 million; for a Thunderbolt 
fighter plane it is 5 to 20 million. Reynolds number has no 
quality connotation. The significance of Reynolds number lies 
in the fact that it expresses the ratio of the pressure forces to 
the viscous forces for any given flight condition. Reynolds 
number is important in any model testing because the closer 
the full-scale value can be approached in the test chamber, the 
closer is the test to reality and the less the need for undesirable 
extrapolation. 

Since large wind-tunnel test sections and high air speeds 
simply do not go together, it is possible to test in a wind 
tunnel an actual airplane or even a sizable section of one at 
full Reynolds number, only at low speed. Because tunnel 
test sections are of limited size, scale models must generally 
be used. The equation shows that Reynolds number can be 
kept high by increasing the air density. For this reason many 
tunnels are pumped up to higher pressures. For example, 
Langley has four pressure tunnels. One is a 19-foot round 
test section that can be operated at speeds up to 260 mph 
and 2.3 atmospheres of pressure, and a smaller one with a 
3- by 7!4-foot section in which tests can be run at air speeds 
of 350 mph and densities of 10 atmospheres. Also there is a 
1-foot supersonic and an &-foot transonic tunnel. 

Qn the other hand, it is sometimes desired, as with engine 
components, to make tests under air conditions equivalent to 
high altitude. Hence some tunnels can be operated under 
partial vacuum. Lewis Flight Propulsion Laboratory, Cleve- 
land, has such a 500-mph high-altitude tunnel. The Wright 


Axial-flow compressor for six- by six-foot supersonic wind tunnel at 


Ames Aeronautical Laboratory. Power is by two 25 000-hp motors 


Field 10-foot round transonic tunnel can be operated over 
the range of air densities of 0.12 to 2 atmospheres. 

Tunnel Varielties—Various expedients are used to achieve 
high Mach numbers with a limited power input. One is the 
intermittent or blow-down tunnel. In one type the air is 
pumped up to high pressure and stored in a large reservoir. 
When a test is to be made a quick-acting valve is opened to 
allow the stored air to rush through the test section at high 
velocity. In another type a large chamber is evacuated and 
the air, during the test, is drawn through the test section 
into it. Sometimes a pressure tank is used on one side and a 
vacuum chamber on the other. One of these is being erected 
by the Air Force at the Arnold Engineering Development 
Center at Tullahoma, Tenn. One exists at Langley Aeronau- 
tical Laboratory operating in the speed range of Mach 7 to 
10. A blow-down tunnel makes do with less motor horsepower 
but the time available for a test run is but a few seconds or 
perhaps a minute or two. 

Another way to get a high Mach number without paying 
the full price of motor horsepower is—as the equation says— 
change the speed of sound. In Freon 12, because of its greater 
molecular weight, the speed of sound is but 40 percent that in 
air. Thus in a tunnel circuit containing a Freon atmosphere, 
Mach 1 is achieved at 300 mph instead of 750. Likewise, 
because density is a factor in the Reynolds equation, use 
of Freon improves the scale number by a factor of 3.6. 
Freon, however, introduces ¢ omplexities of mechanical struc- 
ture and of data resolution. Freon is used in only a few wind- 
tunnel installations operating in the high subsonic or transonic 
speed ranges. 

The terms subsonic, transonic, supersonic, and hypersonic 
are more than just casually useful categories for air speeds. 
They refer as well to basically different types of wind tunnels. 
Ordinarily in no practical tunnel can all test conditions be 
obtained although it could be done with interchangeable 
test sections. 

This comes about because of the way air behaves at these 
three conditions. In a subsonic tunnel, the test section is 
reduced in area compared with the remainder of the tunnel. 
Air rushing through this restriction speeds up. The greater 
the restriction or the more horsepower put into the fan the 
faster the air whistles through the narrowed test zone. Up 
to Mach 1, that is. When the speed of sound is reached no 
amount of increase in fan power will increase the air speed 
at the throat or test section. All the additional power goes 
into shock losses, i.e., heat. This is called the choking effect 
and is why the transonic tunnel is a special problem that 
has taken so long to solve. In effect it is because the molecules 
have become so crowded that they cannot get out of each 
other’s way ata speed above sonic. 

Supersonic air speeds can be obtained only in a tunnel 
that first converges and then diverges, the supersonic speeds 
occurring in the expanded section—not the smaller section. 
The air molecules reach sonic velocity—but no more—in 
the constricted zone. Upon reaching the region of expanding 
cross section, the air particles can accelerate—and do so at a 
rate faster than the flow behind them. Given the minimum 
pressure required to reach sonic speed in the first and narrower 
throat, the supersonic speed depends only on the expansion 
rates of the divergence. A supersonic tunnel, therefore, must 
normally have a separate nozzle for each speed or else an 
adjustable one of precisely controllable shape. 

Subsonic and supersonic tunnels present special operating 
problems near Mach 1. Between Mach 0.9 and 1.2, either 
tunnel is so sensitive to small changes in area that a model 
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to be tested, or even disturbances in the tunnel, upset the 
flow stability. 

A solution to this problem of transonic flow was de- 
veloped at Langley. For it, John Stack, Assistant Director, 
was awarded the Collier Trophy by the President in 1952. 
The manner in which transonic flow is obtained is still class- 
ified information. All that has been said is that a “ventila- 
ted throat is used.”’ Engineers at the Cornell Laboratory have 
likewise developed a solution in which the principal difference 
has to do with the openings and the manner of return of 
the bled air to control turbulence and to minimize 
power losses. 


The Composition of the Wind-Tunnel Industry 


There are about 200 wind tunnels in the United 
States. They range in size of test section from a few 
square inches to the 40- by 80-foot giant at Ames 
Laboratory in California, and in power from 11% hp 
up to 216000 hp—not yet completed for Arnold 
Engineering Development Center at Tullahoma, 
Tenn. Velocities range from less than 100 mph to 
about 10 000 mph that can be maintained in a 1- by 
4-inch section for a few milliseconds at the Cornell 
Aeronautical Laboratory at Buffalo. 

University Tunnels—Some 17 of the nation’s uni- 
versities have about 30 wind tunnels, almost evenly 
divided between subsonic and supersonic, with but 
one transonic. These subsonic tunnels have test 
sections as large as 12 feet, with air speeds generally 
in the 125- to 300-mph class and with drive horse- 
powers of 250 to about 2500 hp. The scholastic 
supersonic tunnels have sections as little as 1 by 4 
inches and as much as 17 by 20 inches, with a span 
of Mach numbers from 1.3 to about 5. 

University tunnels serve two important functions. 
The basic one, of course, is classroom instruction. It 


by 


is from schools so equipped that come the aerodynamically 
trained men essential to research and testing in the larger 
laboratories in government and in industry. 

Also, important research work is done in university wind 
tunnels. Much of this is of a fundamental nature, some 
undertaken on the school’s own hook, although some of it is 
on contract for the Air Force, Navy, NACA, or for private 
aircraft companies. 

Privately Owned Tunnels— Most airframe and engine build 
ers have at least one tunnel. Generally these are subsonic 
tunnels, with test sections up to 10 or 12 feet. The out 
standing example of privately owned facility is the Edmund 
T. Allen Memorial Laboratory of the Boeing Airplane Com- 
pany located at Seattle. Their original tunnel was built 
in 1944 and was powered by an 18 000-hp synchronous motor 
and eddy-current clutch. It has recently undergone extensive 
reconstruction consisting, in part, of the addition of a 36 000- 
hp induction motor, making 54 000 in all, and changes in the 
8 by 12-foot test section. Speeds up to Mach 1.2 have been 
attained. This is the largest transonic tunnel in the world 
owned and operated by a private company. 

In one case severai aircraft companies have combined 
resources to provide a cooperative facility that is larger and 
more flexible than any one could afford. This is the Southern 
California Cooperative Wind Tunnel operated for the spon 
soring companies by the California Institute of Technology. 

Another outstanding research facility is the Cornell Aero- 
nautical Laboratory located near Buffalo. Aithough owned 
by Cornell University and administered by it, the laboratory 
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Phe McDonnell Aircraft Corporation operate 


10-foot test section. Power is supplied by a 1750-hp induction motor 
Pi } 


is engaged primarily in work on a contract basis for govern- 
ment and military agencies. The Cornell Laboratory has an 
81,- by 12-foot variable-density wind tunnel for operation 
throughout the subsonic range. The test section has been 
modified so that it can, at will, be fitted with a 3- by 4-foot 
transonic test section of a type developed by Cornell engi- 
neers and capable of operation over the Mach number range 
from 0.9 to 1.3. Also it is provided with a propeller dyna- 
mometer that makes it possible to apply 2000 hp to a pro- 
peller while operating the tunnel over the transonic range. 
























: subsonic tunnel with a 7 


The advantages in flexibility and saving in time to manu 
facturers of having tunnel facilities in their own backyards, 
or even in a nearby cooperative center, are obviously great. 
But, because wind tunnels come high in cost, there is a limit 
to which this can be done—a limit becoming increasingly 
severe with the growing and doubly difficult need for tunnels 
of higher Mach numbers and larger test sections. 

Government-Owned Tunnels—1n addition to the NACA, 
which we'll return to in a moment, several other branches 
of the government operate wind tunnels. The Bureau of 
Standards has two small subsonic tunnels. The Navy has 
about 15, the largest being a 27 000-hp transonic tunnel at 
Carderock, Maryland. The Bureau of Ordnance of the Army 
at Aberdeen, Maryland has two supersonic tunnels of 13 000 
hp each, 

Aside from those of NACA, the largest existing wind 
tunnel center is one operated by the Air Force. This is the 
Wright Air Development Center near Dayton, Ohio. Located 
there are three subsonic tunnels. ‘Two are small ones, but 
the third has a 20-foot circular test section and the relatively 
high subsonic air velocity of 425 mph. This tunnel, built in 
1941, is powered by a 40 000-hp motor, which, for ten years, 
was the largest induction motor in the world. Since the war, 
a very small transonic and one 10-foot transonic tunnel with 
a 40 000-hb drive have been added at WADC. Also a 5000 hp, 
2 by 2-foot supersonic and a 1000 hp, 6 by 6-inch supersonu 
tunnel have been built recently at Wright Field. 

While the wind-tunnel facility ind activity at W right Field 
is sizable, it is not in the same league with what the Air 
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Force is building at Tullahoma, 
Tenn. Here on a large tract of Ten- 
nessee ‘‘barrens”’ facilities are being 
erected for aerodynamic testing on 
an unparalleled scale. This will be 
the Arnold Engineering Develop 
ment Center, which is, as is the 
Wright Field facility, a part of 
the Air Research and Development 
Command of the U.S. Air Force. 
The Tullahoma plant at the out 
set will be comprised of three units. 
The Engine Test Facility will have 
three test chambers and a test bed 
in which it will be possible to carry 
out research, development, and 
evaluation programs on turbo-jet, 
turbo-prop, and small ram-jet en- 
gines under simulated flight condi 
tions and altitudes up to about 
80 000 feet. Temperatures as low as 


reached. Approximately 75 000 hp is required to operate the 


compressor and exhauster system. An adjunct to this facility 
is being constructed in which the largest ram-jet engines now 
under development can be tested. Much of the equipment in 
ETE was found operating in Germany during the war and 
was brought over to this country as reparations. This facility 
is undergoing its shakedown and calibration runs. 

Second of the three major AEDC plants is the Gas Dy 
namics Facility. It will consist of a group of supersonic wind 
tunnels for developmental testing of models of aircraft, pro 
jectiles, and missiles designed to operate at extremely high 
speeds; some of these tunnels are to operate in the hypersonic 
range. The primary air mover is an extremely versatile 
compressor plant containing six axial compressors and. six 
centrifugal compressors, driven by electric motors totaling 
almost 100 000 hp. One of the smaller supersonic tunnels has 
been in operation for several months. 

Phe third and largest operation—largest anywhere in fact 

will be the Propulsion Wind Tunnel. It will consist of 
a transonic and a supersonic tunnel, each with a test section 
16 feet square. They are intended for developmental testing 
of full-scale operating ram-jet and turbo-jet power plants 
installed in missiles or aircraft. In addition, propellers and 
aerodynamic models can be tested. The two tunnels will be 
arranged so that both can be served by one power plant of 
216 000 hp, which is more fully described on page 79. It is 
significant of the thinking for the future that space is left 
for the addition of a 180 000-hp motor to the present four, 
making available about 400 000 hp to either tunnel. 

The NACA—By all odds, the outstanding factor in the 
wind-tunnel business has been and is the NACA. This im 
portant body was established by Congress in 1915 as an 
agency reporting to the President. While the bulk of its 
work is obviously of interest first to military aviation, it Is 
not a part of the Armed Forces. As its name states, it is run 
by a committee—a board of directors would be more de 
scriptive. These 17 men, who serve without pay, are members 
of the top e¢ helons of science, industry, the Armed Forces, 
and other government agencies. They are appointed to the 
committee by the President 

The wind-tunnel activities of NACA (it engages in other 
aspects of aircraft and guided-missile research) are located at 
three centers: Langley Aeronautical Laboratory, near Hamp- 
ton, Virginia; Ames Aeronautical Laboratory at Moffett Field, 
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A Schlieren photograph of a model taken at 
Mach 1.1 in a NACA transonic tunnel at 
Langley Field. To record these shock waves 
on film a beam of light is projected across 
a knife edge, past the model, and over a sec- 
ond knife edge onto the film. Changes in air 
density, caused by the shock waves, result in 
different amounts of light reaching the film. 


120 degrees F will be 


near San Francisco; and Lewis 
Flight Propulsion Laboratory, close 
to Cleveland. Langley is the oldest. 
Also it is largest both in number 
and variety of facilities. The first 
tunnel was built there in 1919. It 
was a five-foot tunnel capable of 
only a 100-mph breeze. Since then 
many specialized tunnels have been 
erected and new ones are currently 
being added or rebuilt. Today it 
resembles the campus of a large 
university, spread out over several 
hundred acres of ground, which is 
part of Langley Field. Its buildings 
house some 20 different wind tun- 
nels. Many are small, special-pur- 
pose tunnels, such as for studies of 
free-flight models for spin. Largest 
is the “full-scale” 30 by 60 tunnel 
where an 8000-hp motor provides air speeds up to 120 mph. 
Five supersonic and four transonic tunnels are in operation 
or under construction. Tops for speed is one capable of Mach 
numbers up to 10 in a test section one foot square. Power- 
wise, Langley’s largest are two with 60 000-hp drives. 

In 1940, NACA established a new center of operations at 
Moffett Field in California. This is Ames Aeronautical 
Laboratory, which is now equipped with some nine tunnels 
particularly suited to high-speed aerodynamics. The largest, 
physically, is the breathtaking full-scale tunnel with a test 
section of 40 by 80 feet, large enough to take most pursuit 
planes and several of the small bombers. The circuit of the air 
passage is more than half a mile. Powered by six 6000-hp 
motors, air speeds in the test section reach 250 mph, very 
high for so large a test area. Also at Ames is the 6-foot tunnel, 
which is being repowered by a 110000-hp motor for transonic 
operation and a 180000-hp tunnel (216 000 hp on a half-hour 
basis) being constructed with two throats. A 6- by 6-foot 
supersonic tunnel has a 60000-hp drive. In addition to several 
smaller tunnels, Ames has four large tunnels with drives 
totaling 422 000 hp. 

Only slightly younger than Ames is the Lewis Flight Pro- 
pulsion Laboratory. The principal objective here is engine 
research. The laboratory is now equipped with four super- 
sonic tunnels, and other facilities. Its 6- by 8-foot tunnel, 
capable of Mach number 1.8 with a drive totaling 100 000 
hp, is the largest supersonic tunnel now in operation any- 
where. A new, larger supersonic tunnel is now under con- 
struction at Lewis. 

Interrelationship of Tunnel Operation—With so many tun- 
nels of different kinds and sizes operated by different groups, 
and remembering that wind tunnels are expensive masses of 
machinery, it is appropriate to ask about the coordination and 
integration of effort, and the extent of duplic ation of facilities. 
Chere is, indeed, considerable overlap in the abilities of dif- 
ferent tunnels. But, let us quickly say, most of this duplica- 
tion is entirely justified, if not downright essential. In the 
first place the amount of work to be done is so vast that many 
tunnels of one class are needed simply to provide the hours 


required to keep abreast of the load. This will be true as long 


as we are in an expanding air age—higher speed, manned 
flight, larger aircraft, guided missiles, rockets, helicopters, 
new types of power plants, and so on. Until now, at least, the 
availability of tunnels has seriously lagged behind the need 
of them. The question at any wind-tunnel center has been, 
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“Which are the most urgent problems?” never, “What can we 
find to do?” There is work aplenty for all tunnels. 

Also engine and airframe builders are scattered over wide 
areas of the United States. This makes a geographical spread 
of tunnels highly desirable. 

There is no formal, integrating agency by which testing 
in institutional, industrial, and governmental tunnels is 
fully coordinated. While undoubtedly there has been some 
duplication of effort, there is much less of this than one 
might think. 

Actually there is an effective coordination on an informal 
basis. This is probably better. This ensues because of over- 
lapping committees that direct the work in the government- 
owned tunnels and the fact that the results of all work done 
therein are available to those segments of industry entitled to 
have it. One of the functions of NACA is to coordinate aero- 
nautical research in the United States, an important service it 
is peculiarly able to perform because of the composition of 
its governing body. The reports of all unclassified work done 
become public information. Classified matter is available to 
all groups working in that area. The NACA group, by in- 
formal means, is kept well advised of work done in other 
laboratories, even to a large extent those of industry. To col- 
lect material for this article, the author visited many of the 
aerodynamic research and development centers of govern- 
ment and industry. We were impressed by the awareness in 
each group of what other groups are doing and the obvious 
desire among the aerodynamic-research fraternity to avoid 
unnecessary duplication of effort. 

Early in War II, a fundamental high-level decision was 
made in Washington—that all hands had best join in the 
immediate job of providing airplanes of a quality that would 
help win the war. NACA turned to the more immediate 
problems of airplane development, to help solve the troubles 
as they appeared with prototype planes, and to help better the 
performance of production models. 

Thus there was, during War II, an almost complete 
moratorium on fundamental aerodynamic research. Of neces- 
sity, work done on guided missiles, rockets, and the like 
suffered until after V-J Day. This resulted in the 
sentiment one finds expressed in many quarters of 
industry and government, of a post-war shortage of 
fundamental aerodynamic knowledge. Practice is 
currently riding too hard on the heels of theory. 
This in large part lies behind the present expansion 
program for the modification of old tunnels and 
construction of new types capable of conducting 
research in the new fields. Much catching up in 
knowledge of flight is in order. 

With basic research falling primarily to the lot of 
NACA, and to some extent to universities, develop- 
ment of specific components and planes becomes the 
primary concern of industry and of the Armed 
Forces. Thus the big centralized laboratories, pri- 
marily of the Air Force, are aimed at providing 
development facilities on a scale no private company 
can justify and at furnishing means for evaluating 
the constructions provided on contract by industry. 

With this general concept of tunnel function in 
mind, the NACA, Air Force, and Navy took action 
in 1946. They took note at war’s end of major lacks 
in this country’s aerodynamic research and develop- 
ment facilities. Thus the Unitary Plan was formu- 
lated. This took into account existing university, 





industry, and government facilities and set forth the 
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A model in the Langley Aeronautical Laboratory full-scale wind tunnel! 


additional plant visualized as necessary for the next ten 
years. As originally set down, the plan was comprehensive 
and very expensive. It has since been abbreviated. How- 
ever, the final Unitary Plan now being materialized does 
call for the construction of specific tunnels by NACA, the 
Air Fore e; and the Navy Most of these are finished or under 
way. The Tullahoma project is one 
The Justification for Wind Tunne 
man’s largest precision instruments. They are expensive to 


Is—Wind tunnels are 


build and to run. But, as one man, experienced in the aviation 
field, has said, ‘Sure they are costly, but not nearly as expen- 
sive as trying to get along without them. Just think what it 
costs to build 1000 planes of the wrong kind. In a war, that 
can happen.” 

Wind tunnels are great time savers. In a modern or a future 
war even a few days’ time may be without price. Flight test- 
ing will, of course, always be necessary, but it can be greatly 
reduced by adequate work done in tunnels long before the 
prototype aircraft are wheeled onto the runway. Flight test- 
ing is expensive, too, not only in dollars but in pilots’ lives. 
And wind tunnels give the indispensable opportunity to test 
components or scale models with a succession of modifications, 
changing one variable at a time, all under controlled condi- 
tions with the ability to make precise measurements. 

A modern military plane will go through five to ten models 
before it becomes obsolete. Each is more easily controlled, is 
more maneuverable, is faster, is able to fly farther on a given 
amount of fuel, or in other ways is better able to do the job 
than its predecessor. Much if not most of each improvement 
comes from what is learned about it in the laboratory 

Planes are flying faster, higher, and longer, and have new 
types of power plants. They are becoming so complex that to 
design a plane or missile or rocket from wholly fundamental 
considerations is hopeless. An NACA publication of a year 
ago succinctly stated the situation thusly: ‘We have yet to 
learn the extent to which detailed information about one 
specific design can be successfully applied to other designs.”’ 
The airplane of today and, even more so, the airplane of 
tomorrow is designed in the wind tunnel. 
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Wind tunnels come in all sizes and varie- “toe 

ties, and for many different kinds of test- Staff Manager of Engineering 
ing. It is only natural that their drives East Pittsburgh Division 
and control also have many variations. In He oe iia 
horsepower alone the range stretches Marine and Aviation Section 
from a few hundred to 216 000; controls Westin house I ectric Corporation 
for different conditions are alsonumerous. ae een, | eT Oee 


A Mos?’ without exception wind tunnels are electrically driven and controlled, although 
l | engines and steam turbines have been used on some relatively low-power 


chest 


tunnels. There are several reasons for this. Electric drives have relatively low first cost. 


Phe first cost per horsepower of wind-tunnel drives should be kept to a minimum con 
sistent with reliable and adequate performance; otherwise the fixed cost per hour of use 
will be high. The average tunnel becomes obsolete in about ten years and requires major 
changes, including the drive. Also the actual running time is a small part of the total 
time. Operating costs of electric drives can be kept low by using off-peak central-station 
power for full-power tests. This is important in the case of supersonic and transonic tun 
nels, which operate at or near full power about 80 to 85 percent of their running time, 
and require considerable power for their operation. Subsonic tunnels also are operated 
at full power for only a small part of the time, a 35-percent load factor being the max 


imum usually achieved, and the full power tests can be scheduled to utilize low-cost 


off-peak power. Electric drives require a minimum number of operators 
Also, 
freedom of choice tor drive location is available, including the opportunity for mounting 
1. Remote control, interlocking, and automati 


With electric drive, compactness can be achieved even in large power ratings 


drive motors in nacelles inside the tunne 


speed regulation can be provided readily. The flexibility of electric drive can also be 
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Fig. 1—The 54 000-hp tandem drive line-up with a wound-rotor 
induction motor and synchronous-motor, eddy-current-coupling 
system in the improved wind tunnel at Boeing Airplane Co. 
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utilized in wind-tunnel design, and frequently some elements 
from one drive can be used in that of an adjacent tunnel. 

Many different electric drives have been used in the past 
20 years, and much experience has been accumulated to assist 
wind-tunnel designers in choosing the correct system. Elab- 
orate drives to obtain a high operating efficiency cannot 
usually be amortized. 

The final choice of a drive for any given tunnel is, of course, 
a balance between many factors (see Table I). For example, 
the requirements of a supersonic tunnel differ materially from 
those of its subsonic and transonic counterparts. Likewise, a 
variable-density tunnel has requirements differing from those 
of a tunnel that operates at essentially atmospheric pressure ; 
these requirements become even more special when several] 
different gases, such as air and Freon, may be used in the same 
tunnel. In some cases, boundary-layer compressors, heaters, 
refrigeration compressors, vacuum pumps, and density-con- 
trol compressors are required and must be properly coor- 
dinated with the main drive. 

Recent improvements of mechanical devices, such as 
compressor inlet guide vanes, adjustable-pitch blades, iris 
valves for by-passing axial-flow compressors, and hydrauli- 
























PrABLE L--COMPARISON OF WIND-TUNNEL DRIVES 








cally operated couplings also have a decided influence on the 
final choice of a wind-tunnel drive. 


Control of Wind-Tunnel Conditions 


Wind tunnels are designed for three general classes of serv- 
ice, identified as subsonic, transonic, and supersonic, depend- 
ing on the air speed at the test section 

In subsonic tunnels, fan speed controls air speed directly. 
Thus, if air speeds between 50 and 500 miles per hour are 
desired, the drive must have a ten-to-one speed range, or the 
pitch angle of the fan must be adjustable. Generally, the drive 
speed is adjustable because pitch-changing mechanisms are 
costly and rather complicated, especially since very accurate 
air-speed control is required. 

For subsonic tunnels, the usual accuracy is one fourth to 
one half. percent of the top speed, although more accurate 
speed control has been attained with electronic speed regula- 
tors. In this system, a closely held d-c voltage is compared 
with a tachometer voltage proportional to the fan speed. 
Speed error is measured as the difference between the volt- 
ages. This signal is then electronically amplified and applied 
to the speed-controlling elements of the drive. 

In transonic tunnels, fan speed controls the air velocity 
directly until the sonic point is reached. Then, the air speed at 
the test section is dependent on the air pressure and tempera- 
ture ahead of the throat, and on the geometry of the test 
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Pypical Applications 
Relative 
Cost per Kva Most Suitable Usual No. of Drive Potal 
Efficiency Horsepower Inrush Application Speed Range Location Motors Horsepower 
High High Starting of full capacity | Small capacity, Subsonic NACA Langley Laboratory 1 200 *By using two liquid rheostats 
set at reduced voltage | moderate speed University of Washington 1 1 000 in series on large ins . 
NACA Langley Laboratory 1 2 000 it is possible to go to one 
NACA Langley Laboratory 1 600 sixth speed, 
ig Poor, except | Very low Magnetizing kva of Where momentary Supersoni¢ NACA Ames Laboratory | 2 0 000 
near full induction motor, with | deviations in speed lransonic Packard Motor Car Co 1 $500 7 
speed approximately 20% of} are permissible Brazilian Aeronautical tInlet guide vanes, valves, dis- 
rated load torque Commission | 1 600 connectable couplings, iris- 
Grumman Aircraft Co 1 1750 by-pass valves, and variable- 
— pitch blades can be used to 
Poor at me- | Low Approximately same as | Where efficiency is not | Subsonic California Institute of change compressor capacity 
dium speed B important and large Technology$ 1 12 000 as required. 
capacity and wide } 
speed range are needed 
High, except) High Starting kva of 20% Large capacity and Subsonit Wright Field (USAI 1 10 000 tConverted to transonic serv- 
at full capacity set where large speed NACA Ames Laboratory 6 6 000 ice by addition of a 56 000-hp 
speed range is required Wright Field (USA 2 40 000 wound rotor motor with a 
NACA Langley Laboratory# 1 10 000 liquid rheostat., 















motor 








Subsonic 
Transonic 


Poor, except | Lower than | Same as (B Same as (( 
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McDonnell Aircraft Co | 1 1 
ACA Langley Laboratory 





Poor, except | Low Starting kva of full Medium:size drives Subsonic Boeing Aircraft Co. 1 18 000 
near full capacity motor at re lransoni Wright Field (USAI 1 000 : : 
speed duced voltage, or may Supersonic §Converted to transonic serv- 
use small starting ice by installing two 20 000- 
motor hp synchronous motors in the 
- tunnel and utilizing present 
Good Medium Starting kva of 20% Medium-size drives or | Subsonic NACA Langley Laboratory 1 1 600 drive elements as an induc- 
capacity set large capacity with Transonic NACA Langley Laboratory 1 00 tion-frequency converter. 
limited speed Consolidated-Vultee Aircraft 
Company 1 1 500 
Highest Low Entire system is started) Very large drives where | Supersonic fincreased to 14000 hp by 
from rest a special power sy change in fan, motor ventila- 
tem setup can be tion increase, and addition of 
established liquid rheostat (See J, left.) 
High Medium Starting kva of full Small capacity limited Subsonic Massachusetts Institute of 
capacity squirrel-cage by propeller designs Pechnology 1 2 000 





50 
20 000 





Same as (D) | Lower than | Approximately same as | Same as (D Subsoni NACA Langley Laboratory 1 14 000 
D ) rransonic 
High Lowest Same as (B Very large drives for | Transonic ( Army (Aberdeen 5 13 000 
transonic and super- | Supersonic S. Navy (White Oaks 4 11 750 
sonic tunnels Arnold Engineering Develop 
ment Center (USA 4 216 000 
NACA Langley Laboratory 2 100 000 
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section downstream from the throat. In some cases, such as 
the United Aircraft tunnel that came into use in the summer of 
1945, interchangeable tunnel sections are used. This drive also 
utilizes a controllable-pitch fan and eddy-current clutch for 
air-speed control with a 7000-hp synchronous drive motor 

In other cases spec ial adjustable tunnel sections are pro 
vided and multistage fans with adjustable inlet guide vanes or 
blades 


supersonic tunnels, In some transonic and supersonic tunne 


also called compressors) are used on transonic and 


the need for these mechanical complications has been elimi 
nated by using wound-rotor induction motors in conjunction 
with liquid rheostats for obtaining a limited speed adjustment 
and control 

Because the entire fan power is dissipated in the air stream, 
the resulting heat must be removed from a recirculating-type 
tunnel. Several methods are currently used to cool the air. A 
simple and relatively inexpensive method for low-power tun 
nels is to Spray water over the outside surface of the tunnel 
Another method employs an air-exchange tower that con 
tinuously exhausts part of the hot air and replaces it with cool 
outside air. A third method uses air-to-water heat exchangers 
built into the tunnel, with cooling water obtained from an « 
ternal water tower 

In some cases, air is dried and refrigerated to permit testing 
at the temperature and humidity conditions encountered at 
high altitudes. Unless the air is dried, water may condense in 
the test section because of the cooling that results from air 
expansion. In some work, refrigeration equipment is used for 
part of this drying. In some other supersonic tunnels that 
utilize a high-pressure air supply exhausted to the atmosphere 
or toa vacuum sphere, heaters raise the air temperature ahead 
of the test section and thus avoid air liquefaction, and permit 
the investigation of heat-transfer problems 

A closed-circuit air system is generally used for wind tun 
nels of high power. This permits control of air pressure in the 
tunnel and, consequently, closer regulation of test conditions. 
It also permits the use of heavier gases such as Freon. How 
ever, the principal advantage is that partial pressure recovery 
is realized at the diffuser, thus reducing the total drive power 
required Cleanliness is another factor. Dirt and water in a 
high-speed test-seclion air stream can cause severe damage 
to expensive models. 

In the case of transonic and supersonic tunnels, a bound 


ary-layer compressor can be used to reduce the influence of 
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Fig. 2—The adjustable-voltage d-c drive is best 
for small, wide-speed-range subsonic tunnels. 


the boundary layer at the test section and thereby increase 
the effective size of the test section without increasing the 
ain drive horsepower. 

Because of the large power requirements, some recently 
designed tunnels are arranged so that all or a part of the drive 
units can serve either of two tunnels. One example is the 
arrangement of the transonic and supersonic tunnels of the 
Arnold Engineering Development Center at Tullahoma, Tenn. 
There, the 216 000-hp drive will serve either or both tunnels. 
Another example is the latest Unitary Plan Tunnel under con- 
struction at the NACA’s Langley Aeronautical Laboratory, 
Langley Field, Va. There, one drive and line-up of compressors 
will serve either of the two test sections. 

In other cases, the variable-frequency set and constant- 
speed set of a Kramer drive (sometimes called ‘‘modified 
Kramer” drive) for one wind tunnel have been used for 
another adjacent tunnel. Naturally, this is feasible only when 
a new tunnel is built or an existing tunnel is modernized in the 
immediate vicinity of another tunnel, but the saving in initial 
cost can be substantial with such an arrangement. 

When existing tunnels are converted to transonic or super- 
sonic tunnels, space limitations may be met by careful selec- 
tion of drive units and by locating them inside the tunnel. One 
example is the present repowering and conversion of the 19- 
foot variable-density tunnel at the Langley Laboratory for 
operation with either air or Freon. Another is the California 
Cooperative Wind Tunnel (8.5 by 12) operated by the Cali- 
fornia Institute of Technology at Pasadena, Calif. 

In one conversion from a subsonic to a transonic tunnel a 
substantia! saving in the cost of the drive was made by retain- 
ing and relocating the existing drive and adding a new 
wound-rotor motor and liquid rheostat with an appropriate 
control. This procedure is exemplified by the Edmund T. 
\llen Memorial Tunnel conversion at the Boeing Airplane 
Company plant. 

These are only a few of the possibilities that exist when the 
characteristics of the various electrical drives are fully uti- 
lized. Wind-tunnel-drive evolution has produced many differ- 


ent drives, each with its own advantages. 


Adjustable Voltage D-C Drive 
Phe adjustable-voltage d-c drive system (Fig. 2) was used 
on early wind tunnels, which required only a few hundred 
horsepower. This drive provides a wide speed range with 


Liquid Rheostat 


A-C Supply 


Primary 


Wound-Rotor 
Induction Motor 














Fig. 3—Simplicity and low cost are advantages of 
wound-rotor motors with liquid-rheostat control. 
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to the fan drive motor, which is usually operated with a con 


stant field. Thus the tunnel fan speed is proportional to the 


generator voltage. 


Manual or motor-driven rheostat control of the generator 
field for speed adjustment is sufficient in most cases. As the 


equipment warms up under load, temperature changes may 
cause a slow and slight speed drift, which is not usually ob 


jectionable. This can be reduced by regulating the generator 


and motor field currents. For very close speed control over a 
prolonged period of time, a tachometer generator that meas 

ures fan speed directly can be used to control generator volt 

age, and thus hold the speed more precisely within a small 
fraction of a percent. 

By using a synchronous motor to drive the adjustable 
voltage generator, the load power factor can be kept near 
unity; or by selecting the proper synchronous motor the set 
can be made to draw current at a leading power factor to 
improve the system power factor. Since the m-g set can be 
started unloaded, the starting inrush can be kept to a minimum. 

Because of its relatively high cost, this type of drive is not 
generally applied in sizes above a few thousand horsepower. 
However, it has been used to help regulate speed on larger 
drives where a-c adjustable-speed motors are used. 


Wound-Rotor Motor with Secondary-Resistance Control 


The most compact, least expensive, and simplest wind- 
tunnel drive is an induction motor with control of the rotor 
resistance (Fig. 3). Its three-to-one speed range—while not 
as wide as that of the adjustable-voltage d-c drive—generally 
is adequate for some subsonic work and most transonic work. 
Speed is adjusted and controlled by liquid rheostats. These 
consist of fixed and movable electrodes in insulating cylinders, 
through which an electrolyte is circulated (Fig. 4). The sta- 
tionary electrodes at the bottom of the cylinders are connected 


Fig. 4—Liquid rheostat and heat exchanger for the 36 000-hp 
wound-rotor motor at the Boeing Airplane Company in Seattle. 












infinitely fine steps, good speed control, and high efficiency. 
The motor-generator set supplies an adjustable d-c voltage 


to tl e motor slip rings | he mov ible elec trode sare connect dl 


I sed and lowered by a motor 


to a traveling beam, which 
operated chain drive. Thus an infinite number of operating 
speeds is obtainable. Heat generated in the electrolyte ts 
removed by a heat exchanger (foreground, Fig. 4 

While some power is lost in the liquid rheostat, the use 
factor of most wind tunnels is such that the overall operating 
cost of this drive is lower than for the more ¢ omplicated and 
costly drives that reclaim the secondary power. The power 
loss curves for various types of drives are shown in Fig. 5 

With this drive, the wound-rotor motor can be operated up 
to 95 or 96 percent of its synchronous speed, whereas with the 
Kramer system of reclaiming secondary power it is not very 
practical to operate the wound-rotor motor at speeds above 92 
percent of its synchronous speed. This characteristic of the 
wound-rotor motor with secondary-resistance control drive 
was used to obtain more powel and a higher fan speed on one 
wind tunnel at the Langley Laboratory. By utilizing some 
reserve capacity in the motor and making changes in the 
tunnel fan and motor-cooling system, top speed and horse 
power were increased from 465 rpm and 10 000 hp to 490 
rpm and 14000 hp when a liquid rheostat was added to a 
Kramer system. 

The wound-rotor motor with secondary-resistance-control 
drive has been used in combination with synchronous motors 
on recent supersonic tunnels, such as the new 100 000-hp 
Unitary Plan Tunnel at Langley Laboratory and the 216 000 
hp drive at the Arnold Engineering Development Center at 
Tullahoma, Tenn. At the Langley installation, the wound 
rotor motor is rated 24000 hp (half hour) and, for certain 
modes of operation, is used alone. For other methods of opera 
tion, it brings the drive and 76 000-hp (half-hour rating 
synchronous motor up to speed so it can be put on the line 
with a minimum of power-line disturbance. It then contrib 
utes nearly its full horsepower to the drive 

If a wound-rotor motor is operated at low speed, load 
changes or line-voltage fluctuations can cause objectionable 
speed changes unless some supplemental drive units are 
also provided. 

When liquid rheostats are used to obtain a wide speed 
range, care must be used to balance the secondary resistance 
in each phase. Any unbalanced rotor currents result’ in 
a double slip-frequency torque pulsation. This may corre 
spond to the natural torsional Irequency ol the mechanical 
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Fig. 5—A comparison of the losses of different wind-tunnel drives gives the 
simple wound-rotor motor the advantage when operating at top speed. 










system at some speed and should be one of the factors con- 
sidered in wind-tunnel drive design. 


Combination Wound-Rotor and Adjustable-Voltage 
D-C Drive 

In some cases, the wound-rotor-motor drive is supplement- 
ed by an adjustable-voltage d-c drive of sufficient size to 
provide a wider speed range, and also serve as the means of 
preventing objectionable speed changes at the lower speed 
points (Fig. 6). A 12 000-hp drive of this type is installed at 
the co-operative wind tunnel of the California Institute of 
Technology. The d-c motor is rated approximately 20 percent 
of the wound-rotor motor. At speeds up to 45 percent of the 
maximum, the d-c system alone is used. Above this speed the 
wound-rotor motor carries the additional load. A speed regu- 
lator acting on the d-c drive causes it to deliver the required 
torque to maintain constant speed for any given speed setting. 
The liquid rheostat is controlled automatically to hold the 
d-c motor load at approximately full load. 

This tunnel is now being modernized for transonic service 
with increased horsepower, the existing electrical equipment 
is being utilized in a new type of drive that uses synchronous 
motors mounted inside the tunnel. The details of the revised 


drive are given later in this article. 


Synchronous Motor with Slip Coupling 


Several wind tunnels use synchronous motors coupled to 
the fan by an eddy-current slip coupling. This type of coup- 
ling has a field winding on one member and eddy currents are 
generated in the other member by the action of the magnetic 
lines of force that cross the air gap. The eddy-current coup- 
ling serves as a variable-slip clutch between the fan and the 
synchronous motor, which runs at constant speed. Fan speed 
is adjusted and controlled by varying the excitation current 
to the field element of the eddy-current coupling. The largest 
of such drives was the 18 000-hp tunnel at the Boeing plant, 
which was recently converted to 54000 hp by the addition 
of a wound-rotor motor to the existing system. 

\ synchronous motor and hydraulic slip clutch 
could also be used, although such a drive has not 
yet been applied to wind tunnels. 

Phe efficiency of a synchronous motor and slip 


motor can operate at unity power factor, and, if properly 
selected, it can be utilized as a synchronous condenser for sys- 
tem power-factor correction, even when the wind tunnel itself 
is not in operation. 


Wound-Roter Motor and Synchronous Motor 
with Slip Coupling 

The wound-rotor motor with secondary-resistance-control 
drive has also been used to modernize the Edmund T. Allen 
Memorial Tunnel at the Boeing Airplane Company plant in 
Seattle, Wash. (Fig. 1) By this procedure the cost of conver- 
sion from a subsonic to transonic tunnel was held to a mini- 
mum. The original drive consisted of an 18 000-hp, 14-pole, 
514-rpm synchronous motor and an 18 000-hp eddy-current 
coupling for speed control. The recently installed wound- 
rotor motor is rated 36000 hp and increased the total drive 
to 54 000 hp. The above ratings are on a half-hour basis. 

In normal operation, the liquid-rheostat electrodes are 
positioned so that the induction motor supplies somewhat 
less torque than that required by the fan for the desired 
tunnel speed. Then the automatic speed control for the eddy- 
current coupling is set to transmit the additional torque re- 
quired to drive the fan at the desired speed. A mean value of 
exciting current on the coupling produces the desired speed. 
If the fan tends to drop below the desired speed because of a 
line-voltage dip or variation in model drag, the coupling ex- 
citing current is automatically increased. Conversely, if a line- 
voltage rise or variation in model drag causes the speed to 
rise above the desired value, the coupling exciting current is 
automatically decreased. By observing this current, the oper- 
ator can maintain the desired load division between the in- 
duction and synchronous motors. 

The tunnel operator divides the load between the synchro- 
nous and induction motors by appropriate setting of the 
liquid rheostat. An automatic torque and slip horsepower 
limiting circuit limits the power dissipation in the eddy- 
current coupling to a safe value. The induction motor and 
rheostat have instrumentation to warn the operator of critical 

temperatures, high secondary current, 
etc., and relays to shut off equipment. 


Wound-Rotor Motor and 


Fig. 6—The tandem 
drive with the wound- 
rotor motor and adjust- 
able-voltage d-c systems 
has advantages of both. 


Eddy-Current Brake 
The 19-foot variable-density tunnel 
at the Langley Laboratory is being 
converted to operation with either air 


clutch is similar to that of a wound-rotor drive, the 
power loss being proportional to the fan torque, 


speed, and the ratio of slip speed to motor speed. 
One feature of this drive is that the synchronous 


Fig. 7—The tandem 
drive with a wound-rotor 
induction motor and ed- 
dy-current brake pro- 
vides wide speed range. 
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used on many large sub- 
sonic tunnels to provide 
a wide speed range with R 
high efficiency. Dotted 
line indicates the possible 
addition of a liquid rheo- 
stat to obtain a higher 
top speed and more 


Facer power at the top speed. 

















Wound-Rotor 
Induction Motor 














Tachometer 
Generator 





























D-C Excitation 





W ound-Rotor 


Movable 
Induction Motor 


Electrodes Movable 


Electrodes 


Liquid 
Rheostat 





Stationary 
Electrodes 











Stationary 
Electrodes 




















WESTINGHOUSE ENGINEER 














or Freon; when this conversion is completed the 
new drive will utilize a wound-rotor motor and 
eddy-current brake. The cost and space require- 
ments of this drive (Fig. 7) were materially less 
than the other types considered. The motor is 
rated 20 000 hp and is of a special two-speed de- 
sign (14-28 poles) with synchronous speeds of 514 
and 257 rpm, respectively. The high-speed con- 
nection will be used when operating with air and 
at lower densities. Simple motor-operated setup 
switches permit rapid speed-range selection. The 
eddy-current brake combined with a liquid rheo- 
stat provides a smooth, stepless, ten-to-one speed 
adjustment for each of the two speed ranges. The 
speed is automatically controlled from a tachom- 
eter generator, which, by electronic control, in- 
creases or decreases the braking action and ad- 
justs the liquid rheostat. 

This type of drive is the only one that 
could be fitted into the originally planned 
drive building between the tunnel and an 
existing service roadway. Subsequently, 
it was decided to mount the wound-rotor 
motor, brake, and turning gear motor in- 
side a nacelle within the tunnel to permit 
lengthening the diffuser section of the 
tunnel, and thus improve the overall 
performance of the system. 
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Modified Kramer Drive 


The modified Kramer drive (Fig. 8) has been used for large 
subsonic tunnels where a wide speed range, high operating 
efficiency, and accurate speed control were desired. The orig- 
inal Kramer system employed a synchronous converter to re- 
claim the secondary power of the wound-rotor motor. This 
power was returned to the a-c power line by a d-c to a-c motor- 
generator set. The lack of flexibility in this system resulted 
in a modification. A varying-speed synchronous-motor d-c 
generator replaces the converter. Fan speed is maintained at 
the desired value by regulating the fields of the d-c machines. 
Load power factor is regulated by controlling the fields of 
the synchronous machines. 

In starting the equipment, the constant-speed set, whose 
rating is approximately 20 percent that of the main motor, 
is started from the a-c line; this small rating results in low 
starting-current demand. The d-c output is put into the 
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Fig. 9—An adjustable- 
frequency drive, which 
uses an induction-fre- 
quency converter to ac- 
celerate and control the 
speed of two 20 000-hp 
synchronousdrive motors. 
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Main-Drive 20 000-Hp Synchronous Motors 


varying-speed set, which slowly accelerates, generating alter- 


nating current. The a-c output is continually fed into the 
secondary of the main motor, whose primary is synchronized 
with the line when full operating speed of the varying-speed 
set is approached. 

The a-c motor of the varying-speed m-g set must handle 
a maximum current (at high speed) and a maximum voltage 
(at low speed) roughly equivalent to the rated secondary 
values of the main motor. Hence, the rating of this motor 
must be nearly the same as that of the main motor. Actually 
the power it handles is never greater than about 20 percent 
of the motor horsepower and some design and cost advan- 
tage is taken of the fact that maximum current and maximum 
voltage do not occur together. The large a-c motor, operating 
with voltages of variable frequency established by other 
machines on the primary and secondary, has a tendency to 
ward torsional oscillations or instability. This is corrected by 
providing sufficient damping in the remainder of the system.’ 

The largest drive of this type is the 40 000-hp single-motor 
unit at Wright Field where the same auxiliary equipment 
also serves two 20000-hp motors. Another example is the 
36 000-hp full-scale tunnel at the NACA’s Ames Aeronautical 
Laboratory at Moffett Field using six motors. This multiple- 
motor drive presented design problems to assure exact syn- 
oscillations 


chronism of the six motors without torsional 





Modified Kramer Drive with Addition 
of a Liquid Rheostat 


The practical speed range of a modified Kramer drive is 
from nearly zero to 92 percent of the synchronous speed for 
the wound-rotor motor. While the efficiency of such a drive 
is high, so is the increased cost over that of a plain wound 
rotor motor and liquid rheostat. This increased cost cannot 
be amortized by the slip power recovered and returned to 
the power line, because of the rapid obsolescence of wind- 
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tunnel drives and the relatively low load factor inherent in 
research testing. In view of this, a new drive was evolved and 
put into use at the Langley Laboratory 

Kramer drives, prior to the successful application of this 
further modified Kramer drive’, required the synchronous 
and d-c machines to be sufficiently large to handle the maxi 
mum slip power of the wound-rotor motor. By connecting a 
liquid rheostat as shown by dotted lines in Fig. 8, the size of 
these machines is reduced to the value required for regulat 
ing the speed and power lactor Thus the first cost can be 
materially reduced while retaining the real advantages of the 
Kramer control, Also, as previously mentioned, this drive can 
operate at speeds up to 96 percent of synchronous. This can 
also permit an increase in the power output of existing 


Kramer drives, as explained previously. 


Adjustable-Frequency Drives 


Various drives consisting of an adjustable-frequency sup 
ply and a Squirre | cage Or SVK hronous driving motor have 
been used. They differ primarily in the methods of obtaining 
an adjustable frequency 

In the conversion of a subsonic tunnel to transonic or 
supersonic work, an existing drive can be used as an induction 
frequency converter. The 40 000-hp drive arrangement for 
the modernization of the co-operative wind tunnel at the 
California Institute of Technology is shown in Fig. 9. One 
important advantage of this system is that the fan motor, 
being synchronous, can be designed for any speed—high or 
low—as required by the fan. Wound-rotor motors are much 
more limited in choice of speed, particularly in larger ratings. 
The induction frequency converter, being a separate unit, 
can be built to operate at the most economical speed. 

Material savings in cost and space were realized on the 


cooperative tunnel by placing the two synchronous drive 
| y | ; 


Fig. 10 The 
twin motors 
provide a total 
of 50 000 hp to 
drive the six 
by-six foot su 
personic tunnel 
at Ames Aero- 
nautical Labo 


ratory of NACA 


motors inside the tunnel and by using the existing units of a 
combination wound-rotor and adjustable-voltage d-c drive 
to obtain the desired adjustable Irequency. 

Sixty-cycle power is supplied to the primary of the fre 
quency converter. With that unit at standstill, its rotor 


supplies 60 cycles to the fan motors by simple transformer 


action. In a completely new installation, the unit identified 
in Fig. 9 as a transformer can be omitted by proper choice 
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of the frequency-changer rotor voltage. Reduced fan speed 
less than 60 cycles) is obtained by rotating the converter 
armature in the same direction as the primary flux, thus re- 
ducing the output frequency. Increased fan speed (more than 
60 cycles) is obtained by rotating the converter armature in 
a direction opposite to the primary flux. Field adjustment 
of the d-c generator and motor gives the necessary speed 
control. Adjustment of the synchronous-motor fields keeps 
load power factor at or near unity. 

Such a drive can be started with a minimum of inrush 
current. Also, for supersonic work where the fan-drive mo- 
tors operate at synchronous speed, they can be fed directly 
from the supply line after being synchronized. 


Synchronous-Motor Drive with Wound-Rotor 
Starting Motor 


A synchronous-motor drive with a wound-rotor starting 
motor is well suited to supersonic wind tunnels, such as the 
Langley Laboratory multitest section supersonic tunnel. It 
also is used on the world’s largest wind tunnel at the Arnold 
Engineering Development Center at Tullahoma, Tenn. With 
the wound-rotor motor and a liquid rheostat, the drive can 
be brought up to speed smoothly with a minimum of power- 
line disturbance. Also, during maximum power tests, the 
wound-rotor motors provide their proportionate share of the 
drive torque. This is accomplished by proper regulation or 
control of the liquid-rheostat position. 

The drives for supersonic tunnels are electrically simpler 
than those for the subsonic and transonic tunnels. Air speed 
at the test section of a supersonic tunnel is dependent on 
air pressure and temperature ahead of the throat, and on 
the geometry of the test section downstream from the throat 
rather than on the fan speed. However, there may be more 
mechanical devices, such as the disconnecting couplings, 
valves, and compressor inlet guide-vane controls for the mul- 
tiple test-section supersonic tunnel, With these, the number 
of compressors used and pressure ratios can be controlled as 
desired to obtain a wide range of pressure and flow volume. 
In the case of the wind tunnel at Tullahoma, similar control 
is obtained by using hydraulically operated compressor 
couplings, iris by-pass valves, and variable-pitch stator blades. 


A Look Ahead 


The United States is now well equipped with conventional 
subsonic wind tunnels. While relatively few additional sub- 
sonic tunnels may be built except for special purposes, exist- 
ing installations will be required for many years. To assure 
proper and safe performane e, models must be tested over 
the entire subsonic speed range, and even supersonic aircraft 
take off and land at subsonic speeds. 

Some existing subsonic tunnels are being converted to 
permit transonic and supersonic testing. Additional tunnels 
may be converted to use special heavier gases, such as Freon, 
to permit better correlation of model and full-scale results. 

In some cases, part of the existing electrical equipment 
can be used advantageously in either the main drive, or for 
such auxiliaries as boundary-layer compressors, density con- 
trols, or refrigeration. In any case, the experience accumu- 
lated from the many existing wind-tunnel drives will be of 
great assistance in selecting the proper drives of the future. 
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the world: 


An artist’s conception of the Propulsion Wind Tunnel as it will look when com- 
pleted. The transonic circuit is at /e/t and the supersonic at right. The two tunnels 
are powered by one set of drive motors, totaling 216 000 hp, located between them. 


The Air Force’s newest wind tunnel, now under construction at Tulla- 
homa, Tennessee, abounds with superlatives. Among others—the larg- 
est electric motors and the largest compressors ever built. The engi- 
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neering problems involved in designing and constructing the drive, 
compressors, and control for this huge tunnel are many and complex. 


7 WORLD'S largest wind-tunnel facility is now under con- 
struction at Tullahoma, Tenn., at the U. S. Air Force’s 
Arnold Engineering Development Center. When completed in 
1955, the new tunnel will be used primarily to investigate 
internal and external aerodynamic characteristics of full-size 
jet engines, and for aerodynamic testing of airframes and 
guided missiles. 

The facility (called the Propulsion Wind Tunnel) is ar 
ranged in two separate closed-loop circuits, transonic and 
supersonic, with duct diameters ranging from 36 to 55 feet. A 
common 216 000-hp drive is located between the two loops. 
The Propulsion Wind Tunnel is designed to provide air speeds 
in the two 16- by 16-foot test sections from Mach 0.8 to 
Mach 3.5 (more than 2500 mph). 

One three-stage compressor will be used in the transonic 
loop. The compressor for the supersonic tunnel will have 18 
stages arranged in four tandem cylinders with an annular by- 
pass duct around the last three; this compressor forms nearly 
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one complete leg of the loop. Air is directed through the last 
three compressors or into the by-pass by large iris valves 


Compressor Selection 


In the original planning, a 20-stage compressor to serve a 
single tunnel having two parallel throats (one supersonic, one 
transonic, with huge valves for isolating one while the other 
was in use) was considered. However, the final decision was to 
use two separate compressors in separate tunnels with a com- 
mon drive system between them. The change was made to 
permit operation of the transonic and the supersonic test 
sections at the same time, whenever their combined demand 
is within the rating of the drive system. This was intended to 
improve the “utilization factor” of the facility, since it would 
have been impossible to use two parallel throats simultane 
ously because of flow balancing and valving difficulties. In 
addition, the cost of the huge isolating valves was believed 


comparable to that of a complete separate tunnel, and the 
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M-1—83 000-Hp Synchronous Motor 
M-2=-25 000-Hp Wound-Rotor Motor 
M-3-25 000-Hp Wound-Rotor Motor 
M-4-83 000-Hp Synchronous Motor 
2.3.4,5—Compressors 
2.3-Remotely Operated Disconnect 
Couplings 
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A schematic drawing of the transonic compressor, the drive e— Set second iris valve to direct air from C3 into the by-pass 
motors, and the supersonic compressors. A simplified electrical duct and not into C4. 

diagram for one set of motors is shown in color. At right in this f—Stop turning gear (if running). (This is optional as turn- 
diagram is the d-c braking arrangement. In the supersonic ing gear is overriding.) 
es ° ° ° ene 5 < Ss) . 

compressor one iris valve is shown in by-passing position. _ . . . 
g— Make sure that manual flexible disconnect coupling 
between drive and transonic compressor is broken and other 
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Sequence of Operations for Starting couplings are properly connected. ‘ ; 
h— When all necessary auxiliaries are running, a drive-ready 


Suppose tunnel conditions require all four motors to drive light glows. If the test-crew supervisor is satisfied that the 


compressors C2 and C3. The operator must: 

a—Select configuration 2 on the setup switch. Select auto 
matic auxiliary start operation on auxiliary selup switch control board. 

b—Push auxiliaries single-start button that starts all i— The liquid rheostats are automatically controlled to hold 
the starting inrush at 20 000 kva during the first 40 seconds 


tunnel and compressor are in readiness, the main drive can be 
started by pushing a single button at the main duplex 





lubricating oil pumps, lift pumps, dry-sealing air blowers, iris 
valves, hydraulic pumps, etc., required for the bearings to be after M2 main breakers are closed; then M3 main breakers 
utilized, and all other auxiliaries required for proper opera- are closed and the inrush is similarly controlled; then the 
tion of configuration 2. drive is automatically accelerated to the speed preselected by 


c—Open remote disconnect coupling RC2, breaking the the operator (600 rpm). 


supersonic compressor shaft between C3 and C4 j- The speed selector dial is set to 600 and the motors are 
d—Set first iris valve to direct air into C3 from C2 and not accelerated at 210-percent torque under the influence of the 


into the by-pass duct. automatic power-rate controllers, which hold their combined 


variation; (d) by-passing or valving; (e) operation of multiple 
compressors in series-parallel, or a tandem configuration; and 
(f) feasible combinations of these methods. 

Variation of compressor speed is frequently used as a means 
of varying discharge pressure (test-section air speed) in exist- 
ing wind tunnels. Why not use it for the Propulsion Wind 
Tunnel? For one thing, reducing compressor speed not only 
reduces the compressor discharge pressure but also reduces the 
flow volume produced according to a fixed (fan) law. This 
fixed relationship between rotative speed, pressure, and flow 


technical complications of the valves were considered greater 
than those for a separate transonic tunnel. 

Specifications for the compressor and drive system require 
not only a very high maximum volume flow (more than 13 
million cfm) through the compressor, but also a very wide 
range of volume flows (almost 2 to 1). At the same time, com- 


pression ratios range from more than 7.0 down to 1.06, and 


pressures from almost zero to 214 atmospheres absolute. 
Anticipated tunnel requirements also demand: (1) high 
horsepower at both low and high compression ratio; (2) high 


horsepower at both low and high volume flow; (3) that flow 
characteristics from one tandem compressor cylinder to the 
next and from compressor to tunnel be “matched” to avoid 
dangerous stalling of any stage under any specified flow con- 
dition; (4) high drive-system efficiency; (5) high operating 
power factor; (6) minimum “dead” time (time required to 
start, stop, change drive and compressor configuration, etc); 
(7) avoidance of large gears; (8) low shaft-seal leakage; (9) 
flexibility; and (10) simplicity of arrangement and control. 
Optional methods for obtaining the required wide range of 
flow capacities and pressure ratios were: (a) drive-speed vari- 
ation; (b) stator blade-angle variation; (c) rotor blade-angle 
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volume is very inconvenient when it is desired to increase vol- 
ume flow as compressor discharge pressure is decreased. Since 
this is required by PWT operating plans, variable-speed com- 
pressors are not suitable. Also, to achieve the greatest possible 
utilization of installed horsepower, volume flow must be in- 
creased as pressure ratio (or more exactly, “pressure boost””*) 
decreases. This is true since compressor horsepower is pro- 
portional to the product of volume flow (cfs) and the pres- 
sure boost (psf). 


*Pressure boost’’ is defined as the difference between discharge and inlet pore 


Pout —Pjn), whereas pressure ratio is the ratio between discharge pressure and inlet pres- 


»(P > 
sure Pout Pin) 
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rate of power increase to 30000 kva per minute. Additional 














as load is increased on M1, M4 is brought into correct phase 











To accomplish this volume variation at low, as well as high, 
pressure ratios, a constant-speed machine having adjustable 
stator or rotor blades is required. For the PWT, stator blade- 
angle control was selected. Stator and rotor blade-angle varia- 
tion are fundamentally similar so far as their respective effects 
on discharge pressure and volume flow are concerned. How- 
ever, mechanisms for accomplishing stator blade control on a 
multistage, multiblade machine are mechanically much sim- 
pler than equivalent mechanisms for accomplishing adjust- 
ment of rotor blades. If the rotor is a single row of large blades 
similar to airplane propeller blades, and where stator blading 
is either simple or non-existent, constant-speed volume-flow 
adjustment can be accomplished by varying rotor blade 
angles through a mechanism similar to that used on variable- 
pitch propellers. But, if the rotor carries many rows of many 
blades each, they cannot be arranged as simple propellers and 
stator blade control becomes mechanically simpler than rotor 
blade control. Also, it is possible to design aerodynamically 
rotor and stator blading so that the greatest twist, taper, and 
camber occur on the rotor blades, while holding relatively 
simple geometry on the stator blades. This, naturally, is de- 
sirable when designing for controllable stator blades. The 
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Supersonic Compressors 


relationship with the bus and its breaker is automatically 


The above operations require approximately eight minutes. 














regulator-sensing elements prevent exceeding current limits, closed. The operator sees an indication of this by observing 
keep load balanced, and provide velocity feedback and fine the synchroscope of motor M4, whose pointer is standing still 
speed matching as the drive approaches the preselected speed. a few degrees ahead of 12 o’clock after M1 is on the line and 

k—The voltage of the incoming synchronous motors is regu- then gradually moves exactly to 12 o’clock as load is trans 
lated to match line voltage and, when slip frequency, phase ferred to M1 by unloading the wound-rotor machines. 
relationship and voltage are satisfactory, the synchronous n—When both synchronous machines are on the line, the 
motor most remote from the load is connected to the line (M1 main aerodynamic control station is notified and tunnel densi 
in this case). ty can be increased. The load regulators see to it that the 

1— Again, the regulators operate to raise the liquid-rheostat resulting additional load is taken by the synchronous machines 
electrodes and thus cause the wound-rotor machines to de until they are 95 percent loaded, after which the wound-rotor 
velop less torque at the existing speed (600 rpm). This in turn machines take the remainder until they are fully loaded; then 
transfers load to the synchronous motor M1, which “‘twists” the synchronous machines take the last five percent of their 
the drive shaft between M1 and the connected load an amount capacity if the driven load requires it. This pattern can be  oosmmmmmemeal 
proportional to the driving torque being developed by M1. altered at will by the operator making simple adjustments. 

m—If it were not for special provisions in the manual dis- Holding five percent of the synchronous capacity in reserve 
connect coupling, this twist would prevent the large syn- merely insures that small, sudden increases in load below the 
chronous motors (M1 and M4) from properly sharing the load. full installed capacity will be taken by the synchronous ma- 
When making up that coupling, however, the operator “off chines within their rating, rather than at overload, and also 
set” it in such a way as to counteract this shaft twist, so that tends to reduce the reactive kva swings. 


reverse design—making rotor blades simple and_ stator 
blades complicated—does not simplify the problem of rotor 
blade control in a multistage, many-bladed machine because 
of the complexity of the rotor structure itself. 

By-passing or valving a portion of the air-flow volume pro- 
duced by the compressor is one way to match the compressor 
characteristic to the tunnel characteristic. It frequently hap- 
pens—in wind-tunnel systems that cover a wide range of flow 
volumes and pressure ratios—that the volume of air that will 
flow through the throat with a given pressure difference 
across the throat is less than the volume of air that the com- 
pressor will produce when pumping against this same pressure 
differential. This is especially true of compressors that rely 
upon speed variation as a means for varying pressure. To 
overcome this difficulty, an air-flow path can be established in 
parallel with the throat (operating across the same pressure 
differential as the throat) to carry the excess air. Thus the 
compressor operates at the given pressure ratio and one vol- 
ume flow, while the throat operates at the same pressure ratio 
and a different volume flow—the differential flow being car- 
ried by the by-pass. However, this represents a direct loss 
of power, and extra expenditure for ducting, valves, etc., 
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Unusual Statistics 


1— Inertia of the rotating system 

84 000 000 pound-feet squared. 

2—Stored energy in shaft when 
operating at 600 rpm—9 350 000 
horsepower-seconds, 

3—Length of longest shaft in 
drive system—45 feet 

4—Length of entire rotating 
system—575 feet. 

5—Air flow past a given point— 
13 000 000 cfm. 

6—Transonic rotor forged- 
steel blades, two feet wide and six 
feet long, weigh 1200 pounds each. 
These blades are mounted on discs 
18 feet in diameter. Centrifugal 
force tending to pull each blade 
from its roots is 800 tons. 

7—Liquid rheostats—-Heat dis- 
sipation capacity of 25000 kw 
each, Electrodes of the rheosiat 
are three feet in diameter. 








_ 


Stator for transonic compressor being assembled in shop. Gear boxes 
that operate linkages controlling position of controllable blades are 
shown between rows of blade housings. There is one gear box per blade. 





which can be quite large for a tunnelofthe tremendous capac- 
ity of the PWT. 

Again, by stator blade-angle variation, a fairly wide per 
centage range ol volume flows can be produced by the com 
pressor at essentially constant compression ratios, thus per- 
mitting the original tunnel flow-pressure ratio requirements 
to be met without wasting power and air flow in a by-pass. 

However, recent developments in wind-tunnel art have 
made possible higher speeds for a given compressor ratio by 
use of a second throat in series with the first. The planned use 
of a second throat such as this in the PW superson tunnel 
will so restrict air flow that a by-pass will be required. (This 
series throat is entirely different from the parallel throats 
discussed earlier 

Operation of multiple compressors in series-parallel can also 
be used to cover a wide operating range of volume flows and 
pressure ratios. In such a system, compressors are operated in 
parallel to obtain large volume tlows at low compression ra 
tios, and in series to obtain high compression ratio at low vol 
ume tlows, in much the same way as d-« generators operate in 
parallel for high currents and in series for high voltages. Such 
a“ compressor arranvement, howe - & requires fairly complex 
“cross-over” ducts and valves, which become of prohibitive 
size and expense for volume flows measured in millions of 
cubic feet per minute and were, therefore, « onsidered by West 
inghouse to be unsuitable for the PWT main compressor sys 
tem. It is also difheult to choose a compressor design that 
adequately fits all the various operating conditions of a 


series-parallel system 


The cgnsiderations brietly discussed in the prece ding para 


graphs, therefore, intluenced Westinghouse engineers in their 
choice of compressor contiguration and method of volume-tlow 
variation, These considerations arise principally from tunnel 


requireme nts and aerodynamic testing objectives 
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Drive Selection 

Other important design decisions resulted from applic ation 
studies on the electric drive for the compressor. These decisions 
affected both electrical machinery and compressor design. 
From the tunnel and test-section considerations mentioned 
earlier came the flow, pressure-ratio, and pressure-level re- 
quirements. These influenced the tip diameter and hub 
diameter (these two together determined the cross-sectional 
area of the air-flow passage through the compressor) and, in 
turn, the tip speed, which determined the speed of the drive. 
Constant speed having been chosén for aerodynamic as well as 
electrical reasons, it was then necessary to choose a suitable 
synchronous speed so as to approach the optimum blade 
height, hub ratio, and tip speed without the use of large gears. 
Gears of 216 000-hp capacity are difficult to obtain and are 
expensive The drive speed selected was 600 rpm. 

Phe AEDC system power-factor limitations and specitica- 
tion requirements dictated approximately 90-percent power 
factor during starting, and unity power factor while running. 
This indicated that a maximum amount of drive capacity be 
in synchronous motors, to avoid large capital outlays for 
power-lactor-corre¢ ting equipment. Of course, syne hronous 
motors cannot be made self-starting and meet the inrush limi- 
tations, so must have separate starting motors, or be started 
from a variable-frequency bus. Also important to remember is 
the fact that the maximum air-horsepower demand of the 
1&-stage supersonic-compressor configuration under starting 
conditions is approximately 100000 hp at full speed (600 
rpm), and the combined inertia of the drive and compressors 
is 84 million pound-feet-squared. While this inertia is not as 
yreat as that of some of the largest waterwheel generators, the 
stored energy of the system at full speed will be the greatest of 
any rotating machine ever built. The energy stored in this 
rotating mass at 600 rpm is 9.35 million horsepower-seconds 
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rotor shaft is here carefully positioned against the shaft end 
of the adjoining 25 000-hp motor. When the shafts were con- 
nected, the stator was slowly moved to the right into position. 


Left—A close-up of a section of the transonic compressor, show- 
ing the controllable stator blades. Right—The rotor of one 
83 000-hp motor being inserted into the stator. The end of the 








or, expressed in electrical terms, 1940 kilowatthours. 

Electrical engineers frequently compare large motor or 
generator installations on the basis of the amount of the 
stored energy per kva of rated capacity. This is called 
the H constant, and for the PWT is a little over 40 kilo- 
watt-seconds per kva—which is considered quite large as 
electrical machines go. 

Thus, considering the horsepower demand of the driven 
load, the inertia and stored energy of the rotating mass, to- 
gether with the specified duty cycle (eight 45-minute runs, 
four 90-minute runs, or one 4-hour run in an 8-hour shift), it 
appeared that the drive and compressor configuration shown 
on pages 80 and 81 would best fit this application. 


Starting the Drive 

Motors M2 and M3 are 10-pole, wound-rotor induction 
motors rated 25 000 hp at 600 rpm or 30.000 hp at 720 rpm 
(10-pole synchronous speed). They are designed mechanically 
for operation at 600 rpm (16-percent slip) with suitable allow 
ance for overspeed; however, they will never be allowed to 
operate above approximately 660 rpm. Electrically, the mo- 
tors are capable of developing 210 percent of their rated 
600-rpm torque to accelerate the rotating mass of the largest 
configuration (WK*=84 million Ib-ft*) in approximately 
7 minutes from rest to 600 rpm. They are then called upon to 


supply the 600-rpm demand of the compressor (operating at 


reduced tunnel density or pressure level) while the synchro 
nous machines (M1 and M4) are synchronized with the AEDC 
system, after which their large (36-inch electrode) liquid rheo 
stats are operated to reduce their available 600-rpm torque, 
and thus cause them to share the mechanical load with the 
synchronous machines. After the drive motors, including the 
synchronous motors, are all running, tunnel density (pressure ) 
can be increased from its starting value of 75 pounds per 
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square foot absolute to its desired operating value (depending 
on the altitude to be simulated in the test section or the 
Reynolds number desired, or both 

Increasing or decreasing the tunnel pressure is accomplished 
by bleeding air in from high-pressure storage, or by pumping 
it out through a large cross connection to the compressor 
system of an adjacent facility 


Stopping the Drive 


At the end of a run, the tunnel density can again be de- 
creased, the mechanical load transferred to the wound-rotor 
machines and the synchronous motors disconnected from the 
line, after which the wound-rotor machines can be decelerated 
by increasing their secondary resistance (raising the liquid- 
rheostat electrodes). When this has been accomplished the 
wound-rotor motors are disconnected from the line and d-« 
excitation applied to their stator circuits from a special 400- 
kw dynamic-braking exciter. The inertia of the rotating mass 
then acts to generate a-c electrical power in the rotor circuits 
of the wound-rotor machines, which is dissipated as heat in 
the liquid-rheostat electrode cells and carried away in the 
elec trolyte coolers by the cooling water flowing to the lake. 

The dynamic-braking effect decreases to a negligible value 
at low rotative speeds because the rotor conductors are then 
cutting flux only at a very low speed and generating very 
little power (absorbing very little braking torque). Hence, a 
mechanicai braking system is automatically applied at 45 rpm 
after the dynamic-braking excitation has been automatically 
shut off by a speed-sensitive switch. This brings the drive 


qui kly to rest. 


Control of the Tunnel Drive 


A total of ten different operating “configurations” of drive 


and compressor machinery has been provided in planning 
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Engineering Highlights 


Some of the new engineering de- 
velopments resulting from design and 
construction of the compressor and 
drive system for the Propulsion Wind 
Tunnel: 

1—Development of new  tech- 
niques for using low-speed model 
data in achieving full-scale design. 
(A 1/18-scale low-speed model was 
built by Westinghouse and used to 
gather data for the full-scale model.) 

2—Stator-blade control used for 
volume regulation of large multi- 
stage axial-flow compressors. 

3—Application of detuning tech- 
niques for preventing dangerous reso- 
nant frequencies in large forged-steel 
rotor blades. Detuning has been ap- 
plied previously to turbines, and to 
small compressors, but never to a 
compressor system of this magnitude. 
For the Propulsion Wind Tunnel 
compressor rotors, the distribution of 
blade thickness and disc profile were 
selected to set their natural frequen- 
cies above lower multiples of the com- 
pressor operating speed. 

4— Development of large remotely 
operated flexible disconnect cou- 
plings for the supersonic compressors. 

5— Design and application of huge 
iris valves (approximately 35 feet in 
diameter). 

6— Design and manufacture of the 
most powerful electric motors ever 
built (83 000-hp synchronous mo- 
tors). The largest motors previously 
built were 65 000-hp pump motors 
for Grand Coulee Dam. 

7—Design and manufacture of 
largest liquid rheostats ever built. 


the electrical controls and mechanical features of the PWT system. These 
configurations differ from one another in the number of main motors and 
compressors selected to run, as shown on page 81. 

Note that configurations 1 and 9 can absorb the full 216 000 shaft-horse- 
power capacity of the drive, as can configurations 2, 3, and 4. In other words, 
the full 216 000 hp can be absorbed in only one compressor (configuration 9) 
as well as in four compressors (configuration 4). 

The operator can select the configuration by setting a multiposition 
switch on the main duplex control board. This sets up interlocking and 
auxiliary relay groups, which must be satisfied before the main motors can 
be started. (The auxiliaries can also be started individually by selecting 
manual instead of automatic auxiliary start circuits.) By operating other 
switches and buttons, the operator can then start, bring up to speed, and 
load the motors 

In addition to the controls needed for starting and stopping, many visual 
signals and readings are presented on the duplex board to bring both normal 
and abnormal conditions to the operator’s attention. Annunciators and 
alarms are provided for vital points throughout the system. Temperatures at 
some 40 different points are recorded. Instantaneous power and power rate- 
of-change are recorded and retransmitted to the main AEDC substation and 
to the main transonic and supersonic aerodynamic control stations. 


Control of Auxiliaries 


For the more important and complicated auxiliaries (such as the iris 
valves), complete “‘fault-finding” panels are located in the auxiliary ma- 
chinery room adjacent to the supersonic-compressor foundation. The du- 


plex control board has, for each iris valve, only a control switch and four 
indicating lights, which are labeled closed, closing, opening, and open. The tran- 
sition indications of opening and closing are desirable because several minutes 


The four drive motors in the partially completed tunnel. Two in the center are 
25 000-hp wound-rotor motors; on the ends are 83 000-hp synchronous motors. 


_ 


WESTINGHOUSE ENGINEER 














are required for the iris valve leaves to travel from closed to 
open, or vice versa, and in transition the operator might ob- 
tain a false impression from only two lights. Since there are 
24 leaves in each iris valve, each weighing several tons, each 
leaf is provided with a separate hydraulic operator and the 
leaves are moved in unison in two groups of 12. In the event 
the operator observes that an indicating lamp has not changed 
to an open or closed signal after the normal operating time has 
elapsed, he may check the fault-finder panel in the compres 
sor auxiliary room to learn the exact cause of trouble; he can 
then operate a faulty leaf individually by manual control, if 
necessary. The system is completely interlocked so that the 
drive cannot be started unless all iris valves and all their com- 
ponents are in the position called for by the configuration 
selup switch. 

Similar but smaller local control and instrument boards are 
provided in the compressor auxiliary rooms for the bearing 
lubricating-oil systems, bearing-lift oil system (all 22 bearings 
have oil-lift provisions to reduce breakaway torque), the 
bearing and shaft dry-sealing air systems, the remote discon- 
nect-coupling hydraulic systems, etc. For the motor lubricat- 
ing-oil auxiliaries, instrumentation is provided adjacent to 
each bearing pedestal. 


Auxiliary Power 

Two 1000-kva indoor power centers in the motor building 
provide 440-volt power to three control centers housing smaller 
auxiliary motor starters. The heavier breakers for motor cool- 
ing fans, exciter drive motors, etc., are housed in the power 
centers proper. Two of these control centers serve the super- 
sonic auxiliaries and the third serves the transonic auxiliaries. 
The control centers also contain 440/110-volt distribution 
transformers for 110-volt control power. 


Standby Power 

A third power center, standing physically between the two 
mentioned above but not normally connected to them elec- 
trically, contains starters and breakers for cranes, building 
lighting, and other services needed for service with main power 
off. It is served from a different source than the other two and 
can act as a standby of limited capacity when the two 1000- 
kva auxiliary transformers are disconnected from their 
normal source. 


Emergency Power 

In the event main power is interrupted when the main drive 
and compressors are running, their large rotating mass would 
continue to roll for as long as 50 minutes (under low tunnel- 
density conditions). This requires that some provision be 
made for lubricating bearings, energizing mechanical brakes, 
and other vital auxiliaries during this interval. This is espe- 
cially true of the compressor bearings, which require excess 
oil to be circulated in addition to that required for lubrication, 
simply to carry away heat transmitted from the working air 
and hot parts of the compressor, which reach 650 degrees F 
and higher. Therefore, a 300-kw diesel-engine generator set 
has been installed to power these vital auxiliaries (principally 
lubricating oil pumps) while the compressor and drive coast 
to a low speed. 


Compressor Instrumentation 

The controllable stator blades of the compressors are driven 
by 440-volt, 3-phase reversing motors controlled manually by 
remote switches located in the transonic and supersonic aero- 
dynamic control stations. Blade positicn is indicated by 
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Synchrotie transmitters and indicating receivers at the same 
control stations. 

Compressor inlet, outlet, and interstage pressures and 
temperatures are read and averaged at several stations in 
each compressor. These readings appear on sets of instruments 
at the aerodynamic control station adjacent to the blade 
position indicators. Compressor stall warning is also provided 
by high-response pressure pick-ups, which actuate an alarm 
and indicator at the main control station. 

Mechanical instrumentation to read shaft and bearing 
vibration, axial spindle position, and blade-tip clearance is 
also provided on each compressor and indicated or recorded 
at the aerodynamic control stations. Provision is made for 
using the vibration pick-ups in conjunction with a sine-wave 
generator and a portable balancing set during the initial 
balancing of the compressors 
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Giving Coal the Shakes—Vibration, anathema to engi- 
neering, can sometimes be put to work. A novel kind of coal 





mining machine is based on the principle of loosening coal at 
the vein face by subjecting it to hammers vibrating at just the 
right frequency. This turns out to be 30 cycles per second for 
many soft-coal seams 

In this system, termed the Konnerth coal-mining system 
after the man in the U. S. Steel Corporation’s Coal Operating 
Division who developed it, two hammers are held up against 
the vein. Each is connected to one phase of a two-phase, 30 
cycle, 30-kw generator. The generator and its control are 
mounted on a truck for mobility and are built explosionproof 
The hammers, operating at the critical coal-seam frequency, 
tumble the coal down in large masses 


High-Rate Axle Hardening—A \attery of 3000-cycle, 
200-kw generators are hardening rear axles for Ford cars in a 
big way. There are five custom-built machines—four operate 
as two pairs to harden 780 axles per hour; the fifth, for special 
work, can harden 170 axles per hour. Each machine has six 
axle positions; one machine hardens while its companion is 
being unloaded and loaded. The machines have been designed 
to fit into the production line. Everything but loading and un 
loading is automatic. 


A Unique Flying Shear for a Galvanizing Line — 
\ new type of flying shear for cutting continuously produced 
galvanized strip into shipping length involves a most unusual 
construction. The motor is not an auxiliary set off to one side 
The shear is, literally, built around the motor. The motor is 
placed under the knives and actually supports them from each 
shaft extension—to the tune of approximately 3% 000 pounds 
vertical-thrust load. 

The duty cycle on this adjustable-voltage d-c motor is extra 
ordinarily severe. A cut is made about once per second. This 
means that the motor must start, accelerate, level off at run 
ning speed, decelerate, and stop 60 times per minute. Further 
more, each stop must be positioned accurately because an 
error would be cumulative. Although tests have not been 
made as this is written, it is expected that the shear will cut 
galvanized strip moving 325 feet per minute to an accuracy of 
+ 1/32 inch in lengths of 5 to 15 feet. The motor is force venti 
lated, operates on 230 volts, and in normal service would 
develop 100 hp. 

Two identical shears are being provided for this galvanizing 
line. They are set on ways beside each other, so that to change 
knives or do maintenance work the one in service can be 
moved aside and the second one slipped into position with the 
least possible interruption to production. A change of shears 
can be made in one minute 
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Fig. 2—A transfer curve for a basic transductor. 








Fig. 1 —Asimplified diagram show- 


ing the transductor principle. : : aaah 
Fig. 3—Bias windings shift the output of the transductor 


‘ to produce a straight line passing through the origin. 
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. for Instrumentation of D-C Circuits 


W. A. Derr and FE. J. Cuam 
Switchboard Engineering Department. 


Westinghouse Electric Corporation, Fast Pittsburgh, Pennsylvania 


The same improvements in materials that suddenly put the magnetic amplifier in the 
spotlight also apply to another member of its family—the transductor. The result is the 
Magamp transductor, a small, compact device for the instrumentation of d-c circuits. 


| NSTRUMENTATION of the large blocks of d-« power required 

in many industries—such as the electrochemical, mining, 
and railway fields—poses a far different problem than is en- 
countered with alternating current. Until recently there has 
been no d-c counterpart of the small, compact a-c instrument 
transformer, which enables instrumentation at low voltages, 
with electrical isolation of the metering circuit. 

Now a small device, the Magamp transductor, can be made 
to serve, in effect, as a d-c transformer. Such transductors are 
suitable for potential, current, and power measurement cir 
cuits; they can also be used for such applications as totalizing 
current, or in telemetering circuits 

Previously, for instrumentation involving direct current, 
instruments were connected directly to the circuit for values 
of 50 amperes or less; for larger currents, shunts were used 
Voltage connections were made directly to the instrument, re 
gardless of the voltage. Therefore all instruments were sub 
jected to full voltage. This was satisfactory where the value 
was less than 300 volts, but above that direct connections 
from the d-c circuits caused insulation problems and hazards 
to personne |. The transductor solves these problems by isol; 
tion of the metering circuit 

\ transductor is a magnetic amplifier of the simple satur 


able-reactor type; basically it consists of a pair of two-winding 
| 


transformers, as shown in Fig. 1. The input windings of the 


two transformers are connected in series opposition so that 


the fundamental component of the a-c input is cancelled in 


SO 


the d-c input windings, thus nullifying any unwanted trans- 
former action. The flux density in the cores varies with the 
amount of direct current in the input windings. This affects 
the inductance of the reactor, and thus controls the amount of 
alternating current in the output. Thus, the a-c output is pro- 
portional to the d-c input. A typical relationship between the 
d-c input and a-c output currents is shown in the transfer 
i.e., input vs. output) curve in Fig. 2. The actual shape of 
such a curve is largely determined by the core materials used. 
The new core materials, such as Hipernik V, enable a transfer 
curve that is linear over a much wider range of d-c input than 
previous materials. Because in most metering applications 
linearity is the prime consideration, rather than high sensi- 
tivity, the simple magnetic amplifier of Fig. 1 is suitable for 
most uses. By proper choice of circuit, the transfer curve can 
be made nearly to pass through the origin. 

In some applications the a-c output of Fig. 1 can be applied 
directly to a suitable a-c instrument. However, there are some 
disadvantages to the direct use of the a-c output. For example, 
the usual a-c ammeters and voltmeters have squared scales 
rather than a uniform scale. Also, the fact that the a-c output 
current varies in phase angle with the supply voltage as the 
d-c input changes makes the a-c output unsuitable for many 
instrumentation applications. 

Therefore, a full-wave, bridge-type, metallic rectifier is 
usually connected in the a-c output circuit of Fig. 1. When the 
output is rectified, d-c instruments with uniform scales can be 
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Fig. 4—A push-pull, or polarity-sensitive unit for current measurement. 
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Fig. 5—Two methods of measuring large currents 
with a small transductor. Circuit (4) uses no shunt; (6 
utilizes a shunt and manganin wire in the transductor. 

































used and power instrumentation, as well as totalization, can be 
readily accomplished. Note that the output in Fig. 2 is inde- 
pendent of the polarity of the input. A single basic unit, as 
shown in Fig. 1, is known as a polarity-insensitive transductor. 

Where the transfer curve must be linear from zero to full 
output, or where the output must be responsive to the polarity 
of the input, two biased units with their outputs differentially 
connected are employed. The dotted curves of Fig. 3 show the 
outputs of two basic transductor units with zero bias and 
opposite polarity outputs. The addition of these two curves 
results in zero output; but by the addition of bias windings the 
outputs can be shifted as shown by curves 4 and B, so that 
their sum is a straight line that passes through the origin and 
whose output has the same polarity as the input. When two 
basic transductor units with bias windings are connected to 
produce a transfer curve C, as shown in Fig. 3, it is known asa 
polarity-sensitive or push-pull transductor. A push-pull 
transductor circuit for measuring or recording current is 
shown in Fig. 4. 


uo 
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Transductor Input Circuits 


Current transductors can be applied to circuits where the 
maximum current involved is less than one ampere, or even 
where the current is in excess of 100 000 amperes. For high 
values of current, transductors become rather large if all of 
the current must pass through the primary circuit. A polarity- 
insensitive current transductor of this type for 25 000 am- 
peres weighs approximately 175 pounds. 

Obviously, a current transductor for measuring large cur- 
rents can be made smaller in size if only a small fixed percent 
age of the total current passes through its input circuit. Two 
methods are employed for measuring large values of current 
with small transductors. One method is to connect the trans 
ductor to a shunt, as shown in Fig. 5b. 

A shunt has no appreciable temperature coefficient. To 
maintain the same division of current between the shunt and 
the input circuit of the transductor at all temperatures, the 
transductor input circuit must be designed to have no appre- 
ciable temperature coefficient. This is accomplished by the 
use of manganin wire in the transductor and short copper 
leads between the shunt and the transductor. 
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Fig. 6—A transductor installation for a 3300-volt d-c railway ap- 
plication. The upper transductor is a current type, connected to a 
50-millivolt shunt; the lower three are potential transductors. 


The manganin wire then accounts for approximately 95 
percent of the total resistance of the transductor input circuit 
and, since this wire has no appreciable change in resistance 
with temperature, the division of current is maintained at all 
temperatures. An installation of a small current transductor 
connected to a shunt is shown in Fig. 6 

A second method for measuring large values of current with 
small transductors appears in Fig. 5a. Here a current trans 
ductor is connected directly in parallel with a small portion of 
the conductor carrying the current to be measured. The trans 
ductor is physically located on the conductor; its leads are 
electrically insulated from, but in thermal contact with, the 
current-carrying conductor. The transductor input circuit is a 
single turn of wire. The current-carrying conductor and the 
complete input circuit of the transductor are made of the same 
material and are of essentially equal length; therefore, current 
divides in proportion to the re 


') clive cro 


sectional areas at 


all temperatures. 
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A small current transductor of the polarity-insensitive type 
used to measure high values of current is shown in Fig. 7. 

Potential Transductors—A transductor for measuring po 
tential can be similar to those for measuring current. How 
ever, the potential version can have more input-circuit turns of 
smaller wire to minimize power losses. A potential transductor 
is shown in Fig. 6. 

A potential transductor is connected for measuring d- 
voltage as shown in Fig. 8. Input-circuit currents as low as 
5 or 10 milliamperes can be used. The resistance in series with 
the input winding is of a high value with respect to the resist- 
ance of the input winding. Therefore if the series resistor has 
an essentially zero temperature coefficient, negligible error 
results with a transductor with a copper-wire winding 


Transductor Output Circuits 
A full-wave metallic rectifier is made an integral part of 
small transductors such as that in Fig. 7 to provide a d-c out 
put. Such transductors can have essentially linear transfer 
curves, which are virtually unchanged for relatively large 
variations in output-circuit resistance. This means that the 


output milliamperes of such transductors are directly propor 


tional to the measured current or voltage over a wide range of 
resistance in the output circuit. This action is similar to that 
of current transformers on a-c circuits. 

Transductors are available with a 0.1 percent or less error 
for each 1.0 percent change in the rms value of the supply 
voltage. Therefore, unless extremely high degrees of accuracy 
are required, a regulated power supply need not be used with 
transductors. The wave shape of the supply voltage has no 
effect on the accuracy, providing the rms voltage remains 
constant. Instrumentation with transductors need merely be 
based on circuit arrangements, and instrument or meter de- 
sign responsive to the flow of d-c milliamperes. The d-c mil 
liampere output can be employed for instrumentation in sey 
eral different ways. 

Current—When current is measured in ignitron-rectifier or 
feeder circuits, where current is always in the same direction, a 
d-c milliampere indicator or recorder is merely connected in 
the output circuit of a polarity-insensitive current  trans- 
ductor. Where the current is measured in tie circuits that 





Fig. 7—A polarity-insensitive current trans- 
ductor for measuring high values of current. 


Fig. 8—A circuit for measuring d-c 
voltage with a potential transductor. 
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Fig. 9—Push-pull transductors Null 
are used in this circuit to permit Instrument lnstsuanant 
watt measurement or recording. 


transfer power between buses or stations, a push-pull current 
transductor must be used. Connections can be made to a 
push-pull transductor for indication or recording of d-c am- 
peres in either of the arrangements shown in Fig. 4. With 
either method, a zero-center milliampere indicator or re- 
corder is employed. 

Potential—The transductor output connections for poten- 
tial indication or recording are exactly the same as those 
just described for current indication or recording; the differ- 
ence lies, as mentioned, in the input circuit. 

Power—F¥or d-c watt indication or recording, or d-c watt- 
hour integration, the slope of the transfer curves for the cur- 
rent and potential transductors must pass through the origin 
and be linear throughout the operating range. Therefore, 
push-pull transductors must be used in both the current and 
potential circuits. Watt indication or recording is obtained 
most readily by the use of a null-type instrument, as shown 
in Fig. 9. Integrated watthours can be obtained by the 
addition of an integrator to the null-type instrument. 


Totalizing 

Totalizing of a-c circuits is no problem, since the secondary 
circuits of current transformers can be paralleled. Until the 
development of transductors having essentially straight-line 
transfer curves that pass through the origin, totalizing the 
current in d-c circuits was no simple matter. Now it is possible 
to totalize the current in any number of circuits readily, 
Where large currents are encountered, as in the electro- 
chemical field, totalizing individual feeder circuits may be 
less expensive than using a master shunt in the circuit 
through which the entire load current passes. 

Since a transductor’s output current is the same over a 
wide range of output resistance, the output circuits of trans- 
ductors can be paralleled for connection to a single d-c mil- 
liampere indicator or recorder. Push-pull transductors are 
used for totalizing, and the d-c output circuits of each trans- 
ductor can be paralleled and connected to a d-c milliampere 
meter with two differentially connected coils, as shown by 
solid lines in Fig. 10. 

Resistors can be added to the output circuits of the trans- 
ductors to obtain millivolt drops, which can be connected in 
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series to a null-type instrument. The connections for totaliz- 
ing in this manner are shown by dotted lines in Fig. 10. 


Telemetering 

Electric telemetering is the indicating, recording or inte- 
grating of a quantity at a distance by electrical translating 
means. Many types of telemetering equipment now available 
are basically designed to operate from a d-c millivolt input. 
D-c millivolts proportional to direct current or voltage to be 
measured can be obtained readily from a transductor by 
means of resistors. Therefore, transductors can be used for 
telemetering in conjunction with any system whose operation 
is based on a d-c millivolt input. When telephone, power-line 
carrier, or microwave channels are used for telemetering, im- 
pulse or frequency-type systems must be employed. For such 
operation, transductors can be utilized only to provide a suit- 
able input to the impulse or frequency-type systems. 

lor telemetering over a complete metallic circuit, a trans- 
ductor can be connected directly to a pair of line wires for 
direct operation of a d-c milliammeter. The fact that the d-c 
milliampere output of a transductor is unaffected by appre- 
ciable changes in output-circuit resistance means that it is well 
suited for such direct telemetering, since changes in line-wire 
resistance do not affect the accuracy. 

A push-pull transductor is not suitable for direct  tele- 
metering over line wires unless three or four conductors are 
available for each quantity to be telemetered. Economics 
usually dictate the use of a single pair of wires. Therefore, a 
polarity-insensitive transductor must be employed. To 
enable use of the straight portion of the transfer curve, a bias 
winding is employed to shift the transfer curve, as shown in 
Fig. 11. When this is done it is possible to telemeter both 
polarities of d-c current or voltage to be measured with a zero 
left instrument with a zero center scale. The circuit in Fig, 12 
is used for telemetering d-c amperes or volts over a pair of 
line wires with a transductor and a receiving milliampere 
indicator or recorder. 


Advantages of Transductors 


Instrumentation of high-voltage d-c circuits involved insu 
lation problems until the recent development of suitable 


current and potential transductors. Improved magnetic mate- 
rials and metallic rectifiers have made possible small trans- 
ductors with essentially linear transfer curves; also they are 
essentially independent of changes in load resistance and 
supply voltage over a wide range. Transductors make possible 
instrumentation of any d-c circuit at low voltage. 

Current transductors of the larger type are available in 
standard sizes from 1000 to 100 000 amperes direct current. 
These transductors have an accuracy within two percent. 
Current transductors of the type shown in Fig. 6 are available 
for 50- and 100-millivolt shunts. These transductors have an 
accuracy within one percent. Special units for limited ranges 
have an accuracy within one 

Potential transductors are 
of 1000 and 3300 volts direct 
have an accuracy within one 

The use of transductors on d-c circuits is analogous to the 


fourth percent. 

available with insulation levels 
current. Potential transductors 
half percent. 


use of instrument transformers on a-c circuits. For example, 
both transductors and instrument transformers operate on a 
fixed relationship between input and output ampere-turns, 
and both provide complete electrical isolation between the 
input and output circuits. 
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Fig. 11—A bias winding shifts the transfer curve so that the 
straight-line portion of the curve can be used for telemetering. 


Fig. 10—A circuit for totalizing the current in several separate feeders. 
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Fig. 12—Telemetering over a pair of line wires 
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Fiuonaltlid in Engineering 


If you are contemplating a polar expedition, may we suggest 
Herbert A, Rose to do your planning for you. Not that he knows 
firsthand about such trips, but Herb is a careful, meticulous long 
ran pe planner 

But, for that matter, we wouldn’t be surprised if he were to 
undertake a polar trip. He goes in for unusual expeditions. Last 
fall (1953) he drove to Alaska. For this trek he purchased a Dodge 
station wagon, stripped it of all its normal fitments and rebuilt it 
with gear of his own devising for completely independent living, 
sleeping, and eating. And Herb’s concept of camping is not to do 
it in rough, crude style—but with a large degree of comfort. His 
idea of living is to pull up to the edge of some remote lake or 
stream and, while Mrs. Rose is unlimbering the cooking gear, he 
provides the trout. 

Rose’s characteristic of long-range planning began to show up 
early. When he went to Kansas State in 1920 he decided to equip 
himself for two branches of engineering—not just one. So, by 
going to school “around the calendar,” and meanwhile earning his 


ll 
living in the university electrical repair shop, he obtained an E.E. 


degree in 1924 and followed it a year later with one in M.E. 

He liked the looks of the Westinghouse offer and went directly 
to East Pittsburgh. After the usual nine months on the Student 
Course, followed by Engineering School, he was assigned for a 
year to the Switchgear Department to work on the then new 
automatic-substation equipment. He was aiming meanwhile for 
application engineering, which field he entered in 1927, being 
assigned for the next seven years to applying automatic equip 
ment to mines, railways, hydroelectric stations, and industrial 
plants. During this period Rose’s fancy was caught by mercury 
arc rectifiers. Until then rectifiers had not amounted to much, 
but Rose thought he could see a large future for them. 

Because he manifested so much interest in rectifiers, he was 


HERBERT A. ROSE 


given the assignment of coordination of all equipment design 
relating to rectifiers —transformers, control, and auxiliaries. Then 
came the invention by Slepian and Ludwig of the ignitron, and 
Rose was shifted to the Circuit Breaker Division to work with 
Ludwig on its development. He followed it to Power Engineering 
vhen that work was transferred there in 1936. The ignitron did 
not sweep the field immediately, however, and Rose recalls with 
satisfaction working on such historic conventional mercury-arc 
rectifiers as the 20 000-volt installation at RCA’s trans-Atlantic 
radio station at Rocky Point, Long Island, and the first 1500-volt 
railway rectifiers for the Piedmont and Northern Railroad. 

In 1936 Rose got even closer to the root of the ignitron when he 
transferred to the Research Laboratories to work for a year with 
Dr. Slepian on fundamentals of arcs in gases. About this time the 
first large installation of ignitrons for railway service was being 
made for subways in New York City. Because of the unusual size 
and nature of this application, the work seemed to require the 
personal supervision of someone both intimately acquainted with 
ignitrons and who is at the same time something of a diplomat. 
Herb Rose was commandeered for this task. This grew into a 
three-year assignment that was expanded to include other types 
of rectifier applications. 

\s the shadows of the impending war fell across America the 
need arose for a tremendous expansion of the aluminum and 
magnesium production facilities. This called for ignitron rectifiers 
in unheard of quantities, which, in turn, called for Rose. Begin- 
ning in 1940 he headed development of rectifiers and personally 
had much to do with the first two or three large installations and 
the 20 000-kw electronic frequency changer for the Company’s 
d-c High Power Testing Laboratories. 

Meanwhile, the tremendous and highly secret atom-bomb pro- 
gram known as the Manhattan Project was gathering momentum 

and people. With the ignitron program fairly well in hand Rose 
was assigned to the development of high-capacity low-vacuum 
pumps tor the diffusion process of uranium isotope separation. 
As a result, his services were loaned for 18 months during 1944 
and 1945 to the Kellex Corporation to coordinate that phase of 
the uranium activity. 

When the war ended, Rose foresaw that the conversion to a 
peacetime economy presented the need and opportunity for him 
to make a major change in his career. He decided to make it 
complete, both as to activity and locale. In characteristic Rose 
fashion, he methodically studied from books and maps the areas 
of the United States from every angle—potential future of in 
dustry, climate, and opportunity to exercise his love of the out- 
door life. These studies even included such details as climatic 
histories, rainfall charts, and topographic maps. He decided 
without ever having visited the area—to aim for the Pacific 
Northwest, and sought an opening there. It was not long in 
coming, as application engineer in the Westinghouse Office in 
Seattle. That was in the fall of 1945. Exhaustive reading about 
the lumbering industry of the United States convinced him that 
the Pacific Northwest and Alaska held a growing and permanent 
future for the lumber and paper industries. 

It all has worked out as he envisioned. In e 
has made himself the acknowledged expert in application of 
electrical equipment in wood and paper mills. By his propensity 
for intensive study, not only of a specific problem but the whole 


ght years Herb 


subject around it, by his friendly, cooperative manner, by an 
infectious self-assurance once he has arrived at conclusions, and 
by an unusual degree of tact, Rose has won the confidence and 
respect of industry throughout the Pacific Northwest. 

And as to relaxation, he is well on the way in his program of 
visiting nearly every lake, mountain, and fish-stream area be- 
tween southern Oregon and well into Alaska. With Rose, it’s 
obvious that he takes pleasure in his work, and works at the mat- 
ter of pleasure. His successes in both are planned luck. 
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One of an equipment designer’s fond- 
est—but seldom realized—dreams is 
to start from scratch on a new design, 
unencumbered by previous customs. 
The re-rating program offered just 
such an opportunity to motor design- 
ers. As a result they have come up 
with a new Life-Line motor, using 
the most suitable materials and de- 
signs, whether they are new or old. 


—A Result of 20 Years’ Progress 








Conduit 
Box 


fhe WoRK horse of industry—the a-c polyphase induction 
motor—is being modernized. The result is not only a 
much smaller motor for a given horsepower—as established 
by the new standards of the National Electrical Manufac- 
turers Association—but also a much improved motor ele¢ 
trically and mechanically. Westinghouse motor designers 
have taken full advantage of the opportunity offered by the 
industry-wide “re-rating” program, by objectively evaluating 
all of the many advances in materials, processing, design, and 
manufacture that have accrued in the past 20 years—and 
incorporating the best of them in the new Life-Line motors. 
The motor not only has horsepower ratings of about 200 
percent of the present values for a given dimension—but 
also is better protected, has superior insulation, improved 
bearings, and is quieter in operation. 


Change in Motor-Mounting Dimensions 

The present ratings were assigned their respective frame 
sizes—for which mounting dimensions are established by 
NEMA—during the past 24 years. In the sizes now being 
changed, the majority have been the same since 1930. Be- 
cause of the many engineering advances since that time, a 
study of “‘re-rating’’ was initiated several years ago by 
NEMA, although positive action has been concentrated in 


At the top of the page, an exploded view of the new drip-proof 
motor; below it is the new, totally enclosed fan-cooled motor. 
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the past two years. This action culminated in the assignment 
of industry ratings well within the practical possibilities—but 
representing an average increase of 100 percent over the old 
value (see Fig. 1). 

Drastic as it is, the change does not affect the standards for 
operating characteristics. Motors built by this standard will 
do the same work as the old, yet occupy less space, and weigh 
less. To the motor user this means considerable space savings, 
and enables more compact machine designs, or increased 
horsepower in the same space. The new motor will permit 
speeding up existing machines. In addition to the changes 
required by standards, the new Life-Line A motor contains 
notable engineering improvements, which lead to even greater 
reliability, less maintenance, and longer life 


New Features of the Life-Line A Motor 


The bearings selected for these motors have benefited by 
the knowledge gained by the engineers of bearing manufa 
turers, grease suppliers, and Westinghouse, from many years 
of analyzing laboratory tests, and field experience with many 
types of bearings and lubricants 

Ball-bearing manufacturers have improved design, manu 
facturing, and measuring techniques that provide better fin 
ishes on the balls and the raceways, closer matching of parts to 
obtain better control of radial clearances, and improved seals 
and lubricants. One of the new bearings is shown in Fig. 2. 
The improved seals are the result of a cooperative develop- 
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Fig. 1 —Above, comparison of old and new NEMA standards; 
below, reduction in size accomplished on open motors. 


7'2 10 15 20 25 30 * 75 100 125 
Rated Horsepower 


Fig. 2—A cross section of a new bearing. Note the air by-pass, 
to eliminate any pressure differentials across the bearing. 
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ment program by the engineers of Westinghouse and several 
bearing suppliers. Each supplier has a different seal, but all 
have been thoroughly tested. 

Each seal consists of two elements, one of which is a flinger. 
The flinger and seal combination effectively prevent the en- 
trance of dust or dirt. The improved effectiveness was estab- 
lished by dust-box laboratory tests and experimental installa- 
tions in selected difficult field installations, such as asbestos 
mines, coal tipples and cleaning plants. 

For continued successful operation of ball bearings, lubrica- 
tion is required at the points of raceways and retainers where 
sliding friction exists. Protection against corrosion of the 
highly finished surfaces is also required. A satisfactory grease 
must provide the required lubrication and protection for 
many years in a wide range of combinations of temperature, 
speed, and bearing load. Active engineering work by Westing- 
house in laboratories and on field installations has made possi- 
ble the successful use of over a million integral horsepower 
motors with permanently sealed ball bearings that require no 
relubrication. Large numbers of motors, built over 15 years 
ago, continue to give excellent service with the original pre- 
lubricated bearings. 

Intensive tests were made on lubricants for these bearings. 
These tests were started many years ago; to obtain new 
knowledge and improved results, each new lubricant develop- 
ment is thoroughly investigated. Tests include the analysis 
of many characteristics, such as oxidation stability, bleeding 
rate, evaporat ion loss, melting (or dropping) point, consisten- 
cy, impurity content, and corrosiveness. Greases are checked 
to determine whether they thicken or thin out when worked, 
and for resistance to water and chemicals. Greases selected by 
an analysis of the investigated characteristics are then put in 
bearing assemblies that are radially loaded and maintained at 
a selected elevated temperature. The bearings are run con- 
tinuously until either the bearing fails or an adequate measure 
of the lubricant’s potential life is obtained. Many bearings are 
so tested with each grease. Greases that pass these tests are 
then tried in bearings of motors for selected applications. 
Their field performance is carefully followed. 

The new lubricant used in the bearings of these motors has 
been tested and tried in this manner. Appreciable laboratory 
test data and field installation experience indicate successful 
long-life service. 

As a refinement, in an effort to provide the best assembly, 
the bearing housing of the enclosed motor includes a by-pass 
and an external flinger (see Fig. 2). Exhaustive tests showed 
that under certain conditions an air-pressure differential ex- 
ists across a motor bearing, i.e., the motor tends to ‘‘breathe”’ 
through its bearing. This means that gases, moisture, and 


dirt particles are filtered out and retained by the grease in 
the bearing; this could result in a breakdown of the grease, 
and lead to shorter life for the bearing. By suitable design 
of blower and the addition of an air by-pass channel, this dif- 
ferential can be eliminated. The by-pass equalizes the pres 
sure on each side of the bearing. The external flinger is 


an effective dust thrower. 

The combination represented by improved bearings, seals, 
lubricant, and housing is a definite forward step, assuring even 
more reliable service with a minimum of attention. 

The wire in the stator windings has a synthetic-resin 
insulation, a development started in the Research Labora- 
tories 15 years ago. Tests made on motors wound with this 
Bondar wire show a life three times that obtained with other 
available wires. Preparatory to the adoption for a line of 
motors this wire was used in selected ratings, then expanded 
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in use. Over the past several years 100 000 such motors have 
been built and are now giving excellent service in many loca- 
tions throughout the country. 

The ground insulation, or slot cells of these new motors, is a 
combination of Mylar polyester film and rag paper. Formerly 
varnished cambric and paper were used. The new cell has 
improved insulation to ground and occupies less space. The 
Mylar polyester film has a dielectric strength about four 
times, and a heat endurance of three to four times that of 
varnished cloth. Mechanical strength is a requirement of good 
insulation; the Mylar polyester film is outstanding, and effec- 
tively resists tearing. The slot cells are cuffed at each end, 
thus insuring proper centering in the core, and providing 
greater resistance to mechanical damage. 

The insulated cable used for leads is, for a given conductor 
cross section, smaller in diameter and more flexible. The “heat 
resisting” rubber is rated at 75 degrees C, compared to 60 de- 
grees C for the previous insulation, and has over twice the 
life at normal operating temperatures. The lacquered glass- 
braid covering has both greater heat resistance and mechan- 
ical strength, and provides effective protection against me- 
chanical damage. 

Wound stators are given multiple dips and bakes in an 
improved clear phenolic-alkyd thermosetting-type varnish. 
This is an excellent baking varnish that dries thoroughly even 
in thick sections, and at elevated temperatures has a life of 
170 percent of the previous varnish. It forms a tough, flexible 
coating, having excellent resistance to oils, solvents, acids, 
alkalies, and moisture. The varnish has a very high dielectric 
and bonding strength. It is basically the same as that proved 
so successful in Life-Line motors over the past seven years, 
except that its formulation has been changed to provide even 
better thermal life and increased resistance to oil. It is further 
fortified with silicone to provide water repellency. 

The stator varnish, called Bondite, provides a permanent 
water-repellent coating over the windings. Commonly avail- 
able water-repellent films were not considered adequate be- 
cause they readily deteriorate and become ineffective in the 


presence of solvents and chemicals, which will be present in 


many of the applications using these motors. 

These wound stators have a high level of thermal stability, 
and excellent resistance to moisture, oil, solvents, and harm- 
ful chemical agents. 

In the design and manufacture of these new motors, em- 
phasis has been placed on good torque characteristics at all 
speeds. Rated output is obtained from these smaller motors 
with no increase in input (frequently less) by careful design, 
selection of materials, and processing. Technical advances 
have been continuously applied to Westinghouse motor pro- 
duction so that the change from the present motor to the new 
is not as radical as it may seem insofar as the effective electri- 
cal parts are concerned. 

The weight of copper used in the stator windings is practi 
cally the same as now used. The effective volume of electrical 
sheet steel is about 15 percent less than the present motor. 
By proper selection and processing of the higher grade silicon 
steel, the losses for a given flux density have been reduced by 
20 percent with no penalty in permeability. The punchings of 
the previous motor were essentially square, with rounded 
corners. The ineffective corners of the laminations have been 
removed to make circular punchings, and a smaller diameter 
frame is used. Stray load losses have been kept at a low level 
by design, processing, and treatment of rotor surfaces. 

Noise is a by-product of industrial equipment and designers 
are conscious of the need for low sound levels. Many factors 
contribute to noise in a motor, and sound-producing items 
must be carefully handled in design and manufacture. In the 
new motor, slot numbers are used that produce the required 
electrical characteristics with minimum noise. Manufacturing 
procedures assuring more uniform air gaps have been adopted. 
Mechanical parts free of resonance at existing exciting fre 
quencies, and ball bearings with improved ball and raceway 
finishes and carefully controlled radial clearances all help 
reduce motor noise. 

The sound-level meter is the principal instrument em- 
ployed in industry for comparing the sound level of two simi- 
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‘ Fig. 5—Three new motors: A—the drip-proof design; B—the to- 
tally enclosed, non-ventilated; and C—the totally enclosed, fan- 
cooled type. These new Life-Line motors are completely redesigned. 


lar pieces of apparatus. Tests show that, for an open 1800- 
rpm motor in the lower horsepower range, the sound level of 
the present motor ranges from 55 to 60 decibels, while that of 
the new version lies between 50 and 55. While this may not 
appear to be an improvement of appreciable magnitude, it is 
very noti eable to the ear. 

If two identical items are placed in a quiet room and sound- 
level readings are taken, the meter reading with both operat- 
ing is only three decibels higher than with one operating. 
Phus in a quiet area two of the new motors when operating 
produce a sound level reading no greater than one of the same 

rating of the present line. Calibration in terms 
of commonly experienced sound levels is indi- 





cated in Fig. 4. 
Two types of enclosure are provided, instead 


Fig. 6—The weight of Westinghouse motors has 
declined steadily, as indicated by this curve por- 


of the previous three (see Fig. 5). The splash- 
proof design has been eliminated; engineering 
tests indicate that its function can be equally 





traying the history of 5-hp, 4-pole open motors. 
well filled in most applications by the new drip- 


| proof motor. The most popular enclosure is the 

open drip-proof type. The new construction 

is much more drip-proof than earlier designs. 
By using a completely enclosed frame, full pro- 
tection is retained for wall or ceiling mountings 
“19101920 1930 19401950 by merely turning the brackets so that the 
Year ventilation openings are down. The ventilating 








air is drawn in the opening at the bottom of the 
bracket in one end, guided by a baffle to the 
blower, pushed around the coil ends, and out 
the opening in the bottom of the bracket at the opposite, 
or shaft extension end of the motor. The other type of motor 
is the totally enclosed construction, either non-ventilated or 





fan cooled, as shown at left. 

When development of the new motor was begun, engineers 
decided to “sweep the table clean” and make a completely 
fresh approach in determining what the new motor should be 
like. Designs of all kinds were evaluated on the basis of engi- 
neering excellence, user convenience, and adaptability to 
manufacture. For example, early in the development stage 
preliminary models of the motor frame were made of both 
fabricated steel and cast iron, and the advantages of each 
carefully analyzed. Several factors dictated a change from 
steel to cast iron. For one, the external ribbing required in the 
larger sizes of the new, enclosed fan-cooled motor is more 
readily obtained with cast iron. Also the improved protection 
provided in the open drip-proof construction and the air by- 
pass in the enclosed brackets are more easily obtained with 
cast iron. In addition, recent developments such as ductile 
iron and shell molding provide the means for serving special 
needs formerly requiring fabrication. The final cast-iron 
frame is both sturdy and attractive in appearance. 

Phe open drip-proof motors are suitable for most applica- 
tions. The protection afforded against dropping particles or 
liquids makes these units suitable for both indoor and outdoor 
applications. The enclosed motors are intended for use in 
atmospheres containing dusts or chemicals. All exposed parts 
are corrosion resistant. The blower of the fan-cooled motor is 
of molded glass plastic and provides exceptional resistance to 
chemicals. Development of this blower was started about five 


years ago; in one size it has been field proven on thousands of 


motors during the last two years. 
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Other Advantages of New Motors 


The changes incorporated in the new motor bring about 
many application advantages. For example, the drip-proof 
motor, because it is better protected from dripping liquids, 
and because the bearing seals are more efficient, can be used 
in many applications where a more expensive motor was pre- 
viously required. In the fan-cooled motor, the glass plastic 
blower makes the motor more versatile, because it has a high 
corrosion resistance and is far superior to the previous blow- 
ers made of aluminum. 

Careful attention has also been given by industrial design- 
ers to good appearance. Many plaster models were evaluated 
to achieve the best appearance without sacrifice of either 
utility, ruggedness, or performance. 

Longer life was an important objective in the design of 
every integral part of the new motor. However, when it be- 
comes necessary to dismantle the motor, new ‘“knock-out”’ 
lugs on the end bells greatly simplify the disassembly (see 
projections on end bells in Fig. 5). 

Despite the drastic change in size and weight, performance 
characteristics—torque, inrush current, rated temperature 
rise, and overload capacity —are maintained. In fact, efficien- 
cies at rated load average slightly higher than the previous 
motors, by about one percent. 

In some cases, the new NEMA dimension will present a 
temporary problem to motor users, especially to those who 
have many motors in their plants, and maintain a spare-motor 
stock for quick servicing. In some instances, a new motor of 
higher horsepower can be put on the same base, and in all 
cases can be put in the same space as the old motor. A pulley 
with a larger shaft hole will be required. In other applications 
a special base plate can be inserted between the new motor 
and the old base. For some applications no easy solution ex- 
ists. In the final analysis, however, the advantages that accrue 
with the new motor far outweigh the temporary inconven- 
iences caused by the change in size. 

The changeover to the new motors will take several years 
to complete, the timetable being determined by the user’s 


The multi-drive systems for many 
process lines—steel, aluminum, pa- 
per, etc., have become too complex for 
complete analysis by conventional 
methods. This new analog-type com- 
puter is now busy full time solving 
problems of tension regulators, tan- 
dem-mill controls, pickle-line drives, 
etc. The computer solves the problem 
ten times quicker. Even more impor- 
tant than the reduction in time in 
planning control systems, is that it 
makes feasible consideration of all 
possible variables. Thus there is assur- 
ance that the optimum combination is 
chosen and that no unsuspected mis- 
match of operating characteristics re- 
sults in a complex industrial system. 
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TABLE I—COMPARISON OF FRAME SIZES AND 
DATES OF AVAILABILITY 


Frame Estimated 
Horsepower Date of 
Old New Availability 
1 203 ‘ Jan. 1, 1954 
1% 204 18 Jan. 1, 1954 
2 224 84 Jan. 1, 1954 
; 225 June 1, 1954 
5 S4 June 1, 1984 
lg 284 il Nov. 1, 1954 
10 324 l Nov. 1, 19514 
15 i2¢ Sil April 1, 1955 
20 364 tan | April 1, 19 
) t04 Ope al Open Sept. 1, 1955 
$6 rEr¢ 6U (TEFE Sept. 1, 195 
30 365 (¢ 6U (Open Sept. 1, 1955 








needs and the manufacturer’s ability. The dates of general 
availability for standard motors are shown in Table I. Special] 
motors will follow at later dates. The 180 diameter (frames 
182 and 184), the first to be redesiyned, were recently placed 
in production. 

One factor should not be overlooked in consideration of 
this new motor. While the end result is a drastic change from 
its predecessor, the materials, processes, and designs have all 
been thoroughly tested and evaluated. Some of the materials, 
for example, are refinements of developments Westinghouse 


has gradually incorporated in its motors over a period of 
many years. The new motor permits taking full advantage 
of the potentialities of the materials. For example, while 
exterior dimensions necessarily have remained the same, 
rotor diameters of Westinghouse motors have gradually de- 
creased over a period of many years, as better insulations and 
design methods have been developed. Weight of motors has 
also decreased (Fig. 6). The new motor represents one more 
step in that direction. 

The net result is that the motor designer in utilizing all the 
many developments in the past 20 years, has produced the 
best motor possible with materials now available—the new 


Life-Line A motor. 



























More Adaptable Motor Starters 


YTANDARD motor starters, which are essentially assemblies of 
S many standard components, are rarely completely reds 
signed. In the past few years sufficient improvements in the ind 
vidual devices and manufacturing techniques have accrued t 
justify a major overhaul of general-purpose control. Specifically, 
this modernization has been effected on the primary-resistor type 
of reduced-voltage starters (class 11-400, sizes 2, 3, and 4), on the 
voltage starters (class 11-600, sizes 2, 
3, and 4), and on part-winding types (class 11-700, sizes 3 and 4 


autotransformer-type low 


On all of these, the devices are mounted on pre fabricated steel 
panels and completely front wired. The new polyvinyl insulated 
wire is used throughout, color-coded in accordance with industry 
standard secause most of the control elements have become 
maller, they occupy less space on the panel. Advantage is taken 
of this to allow for future changes or additions, such as the later 
installation of 600-volt and/or 250-volt control-circuit fuses 
, terminal blocks, etc. Ac 
cordingly, the panel is fully punched and tapped for these possi 
ble additions, which can be added even after the starter has been 
placed in service. Thi 


auxiliary relays, control transformer 


greatly simplifies the modification of 
tandard units for special applications and gives the user greater 
flexibility in reapplying controllers where different modification 
are required, Appearance has been given very careful considera 
tion, as well as harmony between units in the same line through 
the use of the modern wall-mounted, general-purpose enclosure 
These Line philosophies have been applied to the new size 5 
tarters (classes 11-200, 203, and 206). These starters incorporat 
a greatly improved ize 5 contactor, the typ NF-530. This ne 
contactor incorporates a new self-aligning magnet for quieter 
operation; all parts are fabricated steel for better dimensional 
control and strength, accessibility has been improved for servic 
ing the parts, and the De-ion arc boxes Incorporate the 


highly arc-resistant zirconium-oxide material 


Magamp-Controlled High-Speed Winder 


Ost OF the fast paper winders operate at 4000 fpm. The West 
Virginia Puip & Paper Company has one that was sold to 
operate at 5000 fpm, is actually operated at 5300 fpm, and con 
ideration is being given to raising the top speed to 6600 fpm 
Phis machine takes 84-inch diameter, 20-foot-wide parent rolls of 
heavy kraft paper weighing 19 000 pounds each, and winds them 


nto smaller rolls that are more convenient to ship. Over a ton of 
back tension is maintained in the sheet as the winder is acceler 
ated and operated at top speed by an electric braking unit, which 
s the largest 6-to-1 adjustable speed (by field control) d-c motor 
ever built by Westinghouse. This motor is rated 225 hp since it is 
used as a braking generator. The drive motor is rated 350 hp and 
the power-supply generator is rated 200 kw—all units are good 
for 200-percent load. The control for both the main motor and 
backstand motors is by magnetic amplifiers, which in this case 
means the elimination of two rotating machines. With this con- 
trol, acceleration and deceleration are smooth and fast. The ten- 
sion in the paper is essentially constant regardless of speed or 
reel diameter. Maximum simplification of control is provided at 
the operator’s desk, such that normal running requires manipula 
tion of two pushbuttons and a single control switch. Automatic 
inertia compensation provides constant tension in the sheet 


during speed changes. 


A High-Capacity, High-Speed Generator 


600-Kw, 400-cYCLE generator for shipboard use is outstand 

A ing among the unusual rotating machines recently built. It 
a four-pole machine, and thus turns at the extraordinary speed 
of 12 000 rpm. Because of its high speed, it weighs but 2100 
pounds (a conventional equivalent, 60-cycle machine would 
veigh about 10000 pounds). 
diameter. The motor is designed to withstand high shock, and 


The rotor is only 914 inches in 


uses silicone, class H insulation. Circular shoe-type bearings 
operating on the principle commonly employed for heavy thrust 
loads—are used, with forced lubrication. The bearings, further 
more, are electrically insulated and the entire machine is shielded 
0 as not to generate radio interference. This entails use of special 
electrically conducting gaskets 
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Above, one of the new standard motor starters. 
Control elements have become smaller, thus allow- 
ing space for future changes or additions. At /eft 
are the 350-hp drive motor (far left) and the 225- 
hp motor for tension control in a kraft paper mill. 
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This is W. A. Derr’s second perform 
ance in the ENGINEER. He first appeared 
in November, 1949. Since then, Derr has 
been instrumental in adapting supervisory 
control systems to microwave, and has as 
sisted in the latest application of the com 
bination to pipelines. In fact, his mouth 
waters at the mention of anything con 
cerned with the petroleum industry —he 
believes there are all sorts of further pos 
sibilities for supervisory control. 

Assisting Derr this time is £. J. Cham 
Cham graduated from Ohio University in 
1942 with a B.S. in electrical engineering, 
although he jokingly suggests that he had 
to marry the dean’s secretary to make it. 
He immediately came on the Graduate 
Student Course, and, after one assign 
ment in Switchgear Engineering, liked 
the automatic-switching section so well 
that he has been there since. 

Cham’s chief activity has been with 
ignitron-rectifier switching applications. 
When d-c voltages and currents got too 


Cu 





high for convenient handling around pan 
elboards, he and Derr searched for an iso 
lating means, and came up with another 
application for the Magamp. The vigor 
with which they attacked the problem is 
reflected by about a dozen patent dis 
closures on the subjec c. 


In the fall of 1936, a green young sailor 

W. J. Walker—boarded the Navy’s 
heavy cruiser, the U.S.S. San Francisco, 
and began the arduous task of learning 
the operation, maintenance, and repair of 
marine equipment. Four years later, after 
service on two ships, he left the Navy as 
a petty officer, and exactly two days later 
passed the Los Angeles examinations and 
became a licensed steam engineer. Then 
followed a variety of jobs in this field —as 
a steam engineer in the plant of a foun 
tain-syrup manufacturer, in the engine 
room of the Los Angeles Times, and that 
of a large metropolitan dairy. During the 
latter job, which was at night, Walker en 
rolled at the University of Southern Cal 
ifornia to study mechanical engineering 

About this time the war intervened, and 
Walker decided to enter the Merchant 
Marine. The next four years he spent on 
several different merchant ships, and much 


ersonality, P rofiles 


of the time was spent in war zones. Here 
also he gained much more valuable experi 
ence, and in 1945 took the examination for 
chief engineer and obtained an unlimited 
license. Came the end of the war and 
Walker went back to U.S.C. , again working 
nights as a steam engineer, and obtained 
his B.S. in mechanical engineering in 1949. 
Shortly, he joined Westinghouse on the 
Graduate Student Course, and later that 
year became a member of the Marine and 
Aviation section of Industry Engineering. 
In late 1950 Walker was handed a sizable 
task—that of coordinating engineer for 
Westinghouse on the Air Force Propulsion 
Wind Tunnel, an assignment he retains 

Walker is keenly interested in and en 
thusiastic about his present work, which 
is perhaps reflected in his success in ca 
pably handling the multitude of varied 
problems that come his way. 


In 1948, L. A. Kilgore coauthored an 
article for the Westinghouse ENGINEER on 
wind-tunnel drives. As a matter of fact, 
he first wrote on this subject in 1941, in 
one of our early issues. Now Kilgore is 
back with an updated treatment of the 
same subject, this time in collaboration 
with H. C. Brunner. 

A University of Nebraska graduate 
(B.S. in electrical engineering) in 1927, 
Kilgore has since gained an M.S. from the 
University of Pittsburgh, and an E.E. 
from his alma mater. 

Much of his experience at Westing 
house has been with large turbine gener 
ators, and the large motors of which he 
writes. Until last year, Kilgore was assist 
ant manager of A-C Generator Engineer 
ting, with continual supervision of the 
design of large motors, generators, and 
ignitron rectifiers. He is now Staff Engi 
neering Manager of the Company’s a¢ 
tivities at East Pittsburgh, in which job 
he is responsible for coordinating and as 
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sisting in the direction of engineering de 
sign and product development. 

Whereas Kilgore has been mostly con 
cerned with equipment design and manu 
facture, Brunner has concentrated mostly 
on its application. His first contact with 
Westinghouse came between his junior 
and senior years at Washington University 








in St. Louis; he spent the summer in vari 


ous shop assignments. Upon graduation 
in 1926, he returned to Westinghouse, 
spent nine months on the Student Course, 
and then joined the General Engineering 
Departme nt, the forerunner of the present 
Industry Engineering Department, of 
which he is now a member 

His work has entailed a wide variety of 
application problems. Brunner has been 
concerned with the food industry, mate 
rial handling, locks and dams, movable 
bridges, naval electrical equipment, and a 
number of wind-tunnel drives. He is now 
an engineer in the Marine and Aviation 
section, where recently he has worked on 


several wind-tunnel jobs, including the 
NACA Unitary Plan supersonic tunnel, 
and the repowering of the Boeing wind 
tunnel at Seattle 
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Samuel F. Henderson is the type of per 
son who directs considerable energy to 


ward anything he is interested in. And 
his field of interest is quite diverse. His 
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professional activities comprise a long list, 
including membership on numerous AIEFE 
two NEMA committees 
industry conference of Underwriters’ Lab 


committees an 


oratories, and a committee of the Inte 
national Electrotechnical Commission 
Hender onl 


has held various offices in his local club, 


an active Kiwanian, and 
including that of president. Among the 
many civic affairs his club has sponsored 
is a baseball league in which over 400 boys 
participate. He also is very active in many 
church affair 

Henderson is a graduate of Illinois In 
stitute of Technology B.S. in electrical 
engineering in 1926. He joined Westing 
house through the usual channel—the 
Student 


courses in the Engineering and Design 


Graduate Course—and after 
Schools became an a-c motor design en 
gineer. As such, he worked on nearly every 
type of induction motor, ranging in size 
from | through 500 hp. In 1944 he became 
manager of the Small A-C Motor Engi 
neering Section. More recently, as mana 
ger of A-C Motor Development Engineer 
ing, much of his time has been spent in 
Ironing out many of the design details of 
the new Life-Line motor, of which he 
writes in this issue; in addition, of course, to 


supervising other development project 








POWER FOR NEW ICE BREAKER. 
This giant 10 500-hp drive motor, 
plus its twin, will power the U.S. 
Navy's newest ice breaker. The 
armature and frame are shown 
being prepared for shipment. The 
huge motors will be powered by 
10 diesel-driven generators. This 
is the largest capacity single 
armature d-c motor ever built. 
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